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IMAGE READ-OUT METHOD AND SYSTEM, SOLID IMAGE SENSOR, AND IMAGE 

DETECTING SHEET 

BACKGROUND OF THE INVENTION 
5 of i-YxP: Tnvent.lon 

This invention relates to a method of and a system for 
reading out an image, a solid image sensor, and an image 

detecting sheet. 

Pesf^T^pti "" <->f tb«a Rf>1atftd Art 
IQ When certain kinds of phosphors are exposed to a radiation 

such as X-rays, a-rays, p-rays, r -rays, cathode rays or 
ultraviolet rays , they store a part of the radiation. Then when 
the phosphor which has been exposed to the radiation is exposed 
to stimulating rays such as visible light, light is emitted from 
15 the phosphor in proportion to the stored energy of the radiation. 

A phosphor exhibiting such properties is generally referred to 
as "a stimulable phosphor". In this specification, the light 
emitted from the stimulable phosphor upon stimulation thereof 
will be referred to as "stimulated emission". There has been 
20 known a radiation image read-out method or a radiation image 
read-out system in which a sheet provided with a layer of the 
stimulable phosphor (will be referred to as "a stimulable 
phosphor sheet" , hereinbelow) is first exposed to a radiation 
passing through an object such as the human body to have a 
25 radiation image of the object stored on the stimulable phosphor 
sheet, a stimulating light beam such as a laser beam is caused 
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to scan the stimulable phosphor sheet so that the stimulable 
phosphor sheet emits stimulated emission as signal light 
bearing thereon information on the radiation image, and the 
stimulated emission is photoelectrically detected, thereby 
obtaining an image signal bearing thereon a radiation image of 
the object. Further there have been known various image 
read-out systems which are different in the manner of scanning 
the stimulable phosphor sheet with the stimulating light beam, 
the form of the means for photoelectrically detecting the 
stimulated emission, or the like. 

For example, there has been known an image read-out method 
and an image read-out system which include a stimulating light 
source which emits spot light like a laser beam as the 
stimulating light, a photomultiplier as a zero-dimensional 
photoelectric converter which converts stimulated emission 
emitted from the stimulable phosphor sheet upon exposure to the 
spot light to an electric signal and a stimulating light 
scanning optical system which causes the spot light to scan the 
stjLmulable phosphor sheet in a main scanning direction while 
moving the spot light and the photomultiplier in a sub-scanning 
direction relatively to the stimulable phosphor sheet, and in 
which stimulated emission emitted from parts of the stimulable 
phosphor sheet upon exposure to the spot light is read in 
sequence by the photomultiplier. See, for instance, Japanese 
Unexamined Patent Publication Nos. 55 (1980) -12492 and 
56(1981)-11395. 



The photomultiplier comprises a photocathode face and an 
electron multiplier portion / and is excellent in that since a 
weak signal generated by weak stimulated emission is amplified 
by an external photo electric effect and accordingly^ the 
electric signal obtained by the photomultiplier is less 
affected by electric noise. It is preferred that the 
photocathode face of the photomultiplier is high in sensitivity 
to the stimulated emission in a wavelength range of about 300 
to SOOnm (in a blue region) and low in sensitivity to the 
stimulating light in a wavelength range of about 600 to 700nm 
(in a red region). 

Further the photomultiplier may be have a circular or 
polygonal photocathode face or an elongated photocathode face 
extending in a length substantially equal to the width of the 
stimulable phosphor sheet, and is used as a zero-dimensional 
sensor in either case. In the former case, the photomultiplier 
is employed together with a light guide which is provided with 
an elongated light inlet end face extending in a length 
substantially equal to the width of the stimulable phosphor 
sheet and a light exit end face connected to the circular or 
polygonal photocathode face of the photomultiplier. 

However, when such a photomultiplier is used, the 
following problems arise. 

(1) The photomultiplier comprises a vacuum glass tube, and 
accordingly is fragile. 

(2) The photomultiplier comprises a complicated multistage 



diode for electron multiplication, and accordingly is difficult 
to reduce the thickness. Further, a long photomultiplier such 
as one 17 inches in length is expensive. 

(3) The photocathode employing an external photo electric 
5 effect is low in quantum efficiency to the stimulated emission 

in a wavelength range of about 300 to 500nm (in a blue region) 
and normally about 10 to 20%, whereas the quantum efficiency 
of the photocathode to the stimulating light in a wavelength 
range of about 600 to 700nm (in a red region) is relatively high 
10 and normally about 0.1 to 2%. Accordingly, a special 

stimulating light cut filter is required to a sufficient S/N 
ratio, which adds to the cost. 

(4) The photomultiplier comprises a complicated multistage 
diode, and accordingly it is difficult to make a line sensor 

15 which is large in width, e.g., 17 inches, and is as small as 

about lOOfjua in picture element size. 

From the viewpoint of shortening the stimulated emission 
reading time, reduction of the size of the system and reduction 
of the manufacturing cost of the system, there have been 

20 proposed, for instance, in Japanese Unexamined Patent 

Publication No. 60 ( 1985 ) -111568, an image read-out method and 
system in which a line stimulating light source such as a 
fluorescent lamp, a cold cathode fluorescent lamp, or a LED 
array which projects a line beam onto the stimulable phosphor 

25 sheet, a line sensor having a solid photoelectric converter 

element array extending in the direction of length of the 
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portion of the stimulable phosphor sheet exposed to the line 
beam and a scanning means which moves the line source and the 
line sensor relatively to the stimulable phosphor sheet in a 
sub-scanning direction substantially perpendicular to the 
portion of the stimulable phosphor sheet exposed to the line 
beam are employed, and stimulated emission emitted from parts 
of the stimulable phosphor sheet exposed to the line beam is 
read in sequence while moving the line source and the line sensor 
relatively to the stimulable phosphor sheet in the sub-scanning 
direction . 

In the above identified Japanese patent publication, 
there is disclosed, as the solid photoelectric converter 
element for forming the line sensor, a photoconductor including 
those whose band gaps E are either larger or smaller than energy 
of photons hc/K at the wavelength X of the stimulating light 
(E> hc/h, or E< hc/K) . Those whose band gaps E are larger than 
energy of photons hc/X at the wavelength X of the stimulating 
light include, for instance, ZnS, ZnSe, CdS, TiOj and ZnO, and 

those whose band gaps E are smaller than energy of photons hc/X 
at the wavelength K of the stimulating light include, for 
instance, a-SiH, CdS(Cu), ZnS(Al), CdSeandPbO, a-representing 
"amorphous" • Further, it has been proposed to use a line sensor 
formed of Si photodiodes . 

However use of a line sensor formed of the materials 
described above gives rise to the following problems. That is, 
though it is advantageous that the solid photoelectric 



converter element itself has electron multiplying function 
since the stimulated emission is very weak, any one of the line 
sensors formed of the materials described above except the Si 
photodiode exhibits no avalanche amplification effect as the 
electron multiplying function. On the other hand, the line 
sensor of the Si photodiode is very low (substantially zero) 
in quantum efficiency (sensitivity) to light in an ultraviolet 
to blue region and is high in quantum efficiency (sensitivity) 
to light in a red region, which results in a poor blue/red 
sensitivity ratio. Further since being large in dark current, 
the line sensor of the Si photodiode is not sufficient to detect 
weak stimulated emission in a blue region, and accordingly, an 
obtained image is very low in S/N ratio and in quality. Further, 
when a long line sensor such as of 17 inches is made of Si 
photodiode, the line sensor becomes very expensive. Further 
since the stimulated emission is very weak, it is necessary for 
the photoconductive material layer to be very high in dark 
resistance. However, the photoconductive material described 
above are all low in dark resistance and accordingly read-out 
must be effected with a relatively high electric field applied 
to the photoconductive material layer, which increases the dark 
current and makes is difficult to obtain a high S/N ratio. 

Further there has been proposed, for instance, in 
Japanese Unexamined Patent Publication No. 60 ( 1985 ) -236354 , an 
image read-out method and system in which a stimulating light 
source which emits a spot light such as a laser beam, and a 



scanning optical system which moves the spot light and a line 
sensor relatively to the stimulable phosphor sheet in a 
sub-scanning direction are employed, and stimulated emission 
emitted from parts of the stimulable phosphor sheet exposed to 
5 the light spot is read in sequence while moving the stimulating 

light source and the line sensor relatively to the stimulable 
phosphor sheet in the sub-scanning direction. However the 
solid photoelectric converter element forming the line sensor 
in this method and system is the same as that used in Japanese 

10 Unexamined Patent Publication No. 60(1985)-111568 and 

accordingly gives rise to the same problems . 

In "RADIOGRAPHIC PROCESS UTILIZING A PHOTOCONDUCTIVE 
SOLID-STATE IMAGE" (772 /Research disclosure , Oct. 1992/34264)^ 
Japanese Patent Publication No. 7 ( 1995 )-76800 and Japanese 

15 Unexamined Patent Publication No. 58 ( 1983 ) -121874 , there is 

disclosed an image read-out system in which a stimulable 
phosphor sheet and a radiation image conversion panel which is 
substantially the same in area as the stimulable phosphor sheets 
comprises a photoconductor material layer having sensitivity 

20 to the stimulated emission and sandwiched between a pair of 
electrode layers, and functions as a zero-dimensional 
photoelectric converter are used and an image is read out while 
scanning the radiation image conversion panel with a spot light. 
It is said that the photoconductor material layer is 

25 preferably of a photoconductive material which is high in 
sensitivity to the stimulated emission in a wavelength range 
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of about 300 to 500nm and low in sensitivity to the stimulating 
light in a wavelength range of about 600 to SOOnm. It is said 
that a preferable photoconductive material includes selenium 
compounds and amorphous (a-Se) is especially preferred. 

However, use of selenium compound as the photoconductive 
material gives rise to the following problem. That is, though 
it is advantageous that the solid photoelectric converter 
element itself has electron multiplying function since the 
stimulated emission is very weak, the S/N ratio cannot be high 
so long as the selenium compound has not electron multiplying 
function (the above identified references make no mention of 
whether the selenium compound has electron multiplying 
function) . The selenium compound such as a-Se is not generally 
used for electron multiplication unlike the photomultiplier . 

In "RADIOGRAPHIC PROCESS UTILIZING A PHOTOCONDUCTIVE 
SOLID-STATE IMAGE" ( 7 72 /Research disclosure, Oct. 1992/34264) 
(will be referred to as "reference 1", hereinbelow) , there is 
disclosed an image read-out system in which a stimulable 
phosphor sheet and a radiation image conversion panel which is 
substantially the same in area as the stimulable phosphor sheet, 
comprises a photoconductor material layer having sensitivity 
to the stimulated emission and sandwiched between a pair of 
electrode layers, and functions as a zero-dimensional 
photoelectric converter are used and an image is read out while 
scanning the radiation image conversion panel with a spot light. 

It is said that the photoconductor material layer is 
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preferably of a photoconductive material which is high in 
sensitivity to the stimulated emission at 500nm and low in 
sensitivity to the stimulating light at 633nm. It is said that 
amorphous (a-Se) is especially preferable as the 
photoconductive material layer. 

Since a-Se is highly sensitive to light not longer than 
500nm (e.g. , a blue region from 300 to 500nm) and is higher than 
a photomultiplier (as a zero-dimensional photoelectric 
converter) in quantum efficiency to stimulated emission near 
400nm, a-Se is suitable for detecting stimulated emission 
emitted from the stimulable phosphor layer. Further since a-Se 
is hardly sensitive to light not shorter than 600nm (e.g., a 
red region from 600 to 800nm) / and is large in the sensitivity 
to stimulated emission/sensitivity to stimulating light ratio, 
the a-Se photoconductive material layer can detect the 
stimulated emission emitted from the stimulable phosphor layer 
without use of stimulating light cut filter. Further, an a-Se 
layer can be formed by low-temperature deposition process, and 
is suitable for forming a solid image sensor which is thin, large 
in area and strong to impact. 

However, when a radiation image conversion panel which 
is substantially the same in area as the stimulable phosphor 
sheet is formed of a-Se, the area of the photoconductive 
material layer becomes very large, which results in generation 
of an excessive dark current and a large capacitance (output 
capacity of detector), and the S/N ratio deteriorates. 



Further^ since it takes a long time for stimulated 
emission to be emitted from the stimulable phosphor layer upon 
exposure to the stimulating light, when the stimulable phosphor 
sheet is two-dimensional ly scanned with stimulating light in 
the form of a spot beam, it takes a long time to read out image 
from the stimulable phosphor sheet. 

Further, also in Japanese Patent Publication No. 
7(1995)-76800 (will be referred to as "reference 2", 
hereinbelow) , it is disclosed that stimulated emission emitted 
from a stimulable phosphor layer is detected by a 
photoconductive material layer which is substantially the same 
in area as the stimulable phosphor sheet. It is said that the 
photoconductor material layer is preferably of a 
photoconductive material which is high in sensitivity to the 
stimulated emission in a wavelength range of about 300 to 500nm 
and low in sensitivity to the stimulating light in a wavelength 
range of about 600 to SOOnm. It is said that selenium compounds 
are especially preferable as the material of the 
photoconductive material layer. It is further said that 
influence of a dark current can be suppressed by dividing a part 
of the electrodes into a plurality of electrode elements and 
detecting electric currents separately from the electrode 
elements . 

However even if the electrode is so divided^ the area of 
each electrode element is still large, and accordingly 
generation of an excessive dark current cannot be avoided and 



the capacitance is still large, which results in deterioration 
of the S/N ratio. Further, even if an image signal is read out 
by scanning the electrode elements with a spot beam, the 
read-out speed cannot be substantially increased. 
5 Further also in Japanese Unexamined Patent Publication 

No. 58(1983)-121874 (will be referred to as "reference 3", 
hereinbelow) , it is disclosed that stimulated emission emitted 
from a stimulable phosphor layer is detected by a 
photoconductive material layer which is substantially the same 

10 in area as the stimulable phosphor sheet and the photoconductive 

material layer is formed selenium compounds. It is further 
disclosed that influence of a dark current can be suppressed 
by dividing a part of the electrodes into a plurality of 
electrode elements and detecting electric currents separately 

15 from the electrode elements. Further, the reference 3 further 

says that when the capacitance of the photoconductive material 
layer is large and additional noise is generated, the additional 
noise can be suppressed by dividing the electrode into a 
plurality of parallel stripe electrode elements. 

20 However, even if the electrode is so divided, the 

electrode elements are not in one-to-one correspondence with 
the picture elements and signal read-out is not effected line 
by line. Accordingly, the read-out speed cannot be 
substantially increased. Further even if the electrode is so 

25 divided, so long as the pre-amplif iers such as current detecting 
amplifiers as a means for reading out the charges generated in 
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the photoconductive material layer and obtaining an image 
signal are in the form of charge amplifiers, the output capacity 
itself forms a noise source. Further when the pre-amplif iers 
are of a current-voltage conversion system (including a 
logarithmic amplifier), it is difficult to ensure stability. 
In other words, it is difficult to obtain a high speed circuit. 
Further, not only the dark current but also residual electric 
charges can produce false signals or flare. 

Further, there has been known a system in which 
"preliminary read-out" is effected prior to "final read-out" 
in order to ascertain the characteristics of the radiation image 
stored on the stimulable phosphor sheet such as the dynamic 
range of the radiation image. The preliminary read-out is 
carried out by use of stimulating light having stimulation 
energy of a level lower than the stimulation level of 
stimulating light used in the final read-out. On the basis of 
the preliminary read-out image signal obtained by the 
preliminary read-out, read-out conditions and/or image 
processing conditions for final read-out are determined. 

Further we have proposed a method of determining the 
read-out conditions and/or image processing conditions for 
final read-out without carrying out such preliminary read-out. 
See Japanese Unexamined Patent Publication Nos . 55 ( 1980 ) -48672 , 
55(1980)-50180, 56 ( 1981 )-11348 , and the like. In this method, 
momentary light emitted from the stimulable phosphor sheet upon 
exposure to the recording radiation is detected by an exclusive 



detector such as a photo-timer, and information on the 
characteristic of the radiation image stored on the stimulable 
phosphor sheet, the amount of radiation stored on the stimulable 
phosphor sheet and the like is obtained on the basis of the 
5 detected momentary light, and the read-out conditions and the 

like are determined on the basis of the information. 

The level of the stimulation energy means the total amount 
of stimulation energy to which the stimulable phosphor sheet 
is exposed (the amount of stimulation energy per unit time x 

10 time) . In order to lower the level of the stimulation energy, 
exposed dose of the stimulating light is reduced, or the 
scanning speed is increased so that the number of picture 
elements becomes smaller as compared with the final read-out. 

The read-out conditions are various conditions which 

15 affect the relation between the amount of stimulated emission 

and the output of the read-out system. The read-out conditions 
include, for instance, the read-out gain which governs the 
relation between input and output, the scale factor and the 
power of the stimulating light for read-out. 

20 The image processing conditions are various conditions 

for carrying out processing which affects gradation, 
sensitivity and the like of an image reproduced on the basis 
of the image signal . In systems where the aforesaid preliminary 
read-out is not carried out, the image processing conditions 

25 include also the aforesaid read-out gain and the scale factor. 

The method of determining optimal image processing 
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conditions is applied to not only the system using the 
stimulable phosphor sheet but also the system in which an image 
signal is obtained from a recording medium such as X-ray film. 
The system for determining the read-out/conditions and/or the 
image processing conditions sometimes called an EDR processing 
system^ 

However, when the preliminary read-out is carried out by 
use of a low level stimulating light, the amount of information 
to be obtained by the final read-out is reduced by the amount 
of stimulated emission emitted from the stimulable phosphor 
sheet upon exposure to the preliminary read-out stimulating 
light, and accordingly, the image signal obtained somewhat 
deteriorates in the S/N ratio as compared with that obtained 
without carrying out preliminary read-out. Further, scanning 
the stimulating light beam for the preliminary read-out adds 
to the image read-out time. 

On the other hand, when the image read-out conditions 
and/or the image processing conditions are determined by 
detecting momentary light emitted from the stimulable phosphor 
sheet upon exposure to the recording radiation by an exclusive 
detector such as a photo-timer, use of the exclusive detector 
adds to the cost. Further there is a problem that since the 
detector such as the photo-timer is generally narrow in 
detecting area and limited in measuring range, the conditions 
cannot be set at a high accuracy. 
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SUMMARY OF THE INVENTION 
In view of the foregoing observations and description, 
the primary object of the present invention is to provide an 
image read-out method and system which can detect at a high 
efficiency stimulated emission in a blue region emitted from 
a stimulable phosphor sheet and can read out an image at a high 
S/N ratio. 

Another object of the present invention is to provide an 
image read-out method and system 

In accordance with a first aspect of the present invention , 
there is provided an image read-out method of obtaining an image 
signal bearing thereon image information by use of a stimulable 
phosphor sheet having a layer of stimulable phosphor which emits 
stimulated emission in proportion to the stored energy of 
radiation upon exposure to stimulating light and a solid image 
sensor having a photoconductive material layer which exhibits 
electric conductivity upon exposure to the stimulated emission 
from the stimulable phosphor sheet and by scanning with 
stimulating light a stimulable phosphor sheet which has been 
exposed to radiation and has stored thereon an image, causing 
the photoconductive material layer to be exposed to stimulated 
emission emitted from the stimulable phosphor sheet upon 
exposure to the stimulating light, and detecting electric 
charges generated in the photoconductive material layer upon 
exposure to the stimulated emission by applying an electric 
field to the photoconductive material layer, wherein the 



improvement comprises that 

said stimulable phosphor sheet has a layer of stimulable 
phosphor which is stimulated by stimulating light in a 
wavelength range of not shorter than 600nm (preferably in a red 
5 region from 600 to 800nm) and emits stimulated emission in a 

wavelength range of not longer than 500nm (preferably in a blue 
region from 300 to 500nm)^ said solid image sensor has a 
photoconductive material layer whose major component is a-Se, 
and said electric field is such as to generate an avalanche 

10 amplification effect in the photoconductive material layer. 

The stimulable phosphor sheet and the solid image sensor 
may be separate members or may be integrated to a unit. When 
a relatively thin stimulable phosphor sheet and a relatively 
thin solid image sensor are laminated into an image detecting 

15 sheet with the stimulable phosphor layer and the 

photoconductive material layer opposed to each other, a thin 
and light image detecting sheet can be obtained. Such an image 
detecting sheet can remarkably improve the stimulated emission 
collecting efficiency and provides a high quality image. 

20 Further when such a solid image sensor is employed, a 

photomultiplier need not be used, which makes it feasible to 
reduce the overall size of the system. 

The solid image sensor may be in the form of a two- 
dimensional sensor (area sensor), a one-dimensional sensor 

25 (linear sensor) or a zero-dimensional sensor (smaller in area 

than the area sensor or the linear sensor) . 
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The stimulating light which scans the stimulable phosphor 
sheet may be in any form, e.g., in the form of a spot beam, or 
a line beam. 

The thickness of the photoconductive material layer of 

5 the solid image sensor is preferably not smaller than l|xm so 

that the photoconductive material layer absorbs a sufficient 
amount of stimulated emission, an avalanche amplification 
effect can be obtained and the level of signal to be taken out 
can be high enough. Further, it is preferred that the thickness 

10 of the photoconductive material layer be as large as possible 

in order to reduce the distribution capacity and suppress fixed 
noise, but when the thickness is too large, the voltage of the 
power source for imparting the electric field becomes too high. 
Accordingly, in order to increase the ratio of the avalanche 

15 amplification effect to the fixed noise while taking into 

account the voltage of the power source, the thickness of the 
photoconductive material layer of the solid image sensor is 
preferably not smaller than l|xm and not larger than lOOjim, and 
more preferably not smaller than lOiJin and not larger than SOfjun. 

20 When a photoconductive material layer whose major 

component is a-Se is used under an electric field which 
generates an avalanche amplification effect in the 
photoconductive material layer, the photoconductive material 
layer becomes sensitive to fluctuation of electric field 

25 distribution (e.g., fluctuation in the voltage of the power 
source) and the image signal fluctuates. Accordingly, it is 
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preferred that fluctuation of the image signal due to 
fluctuation in electric field distribution be suppressed. The 
fluctuation of the image signal can be suppressed, for instance, 
by suppressing fluctuation of the voltage of the power source, 
or by storing fluctuation in the output data with fluctuation 
in the voltage of the power source and correcting the image 
signal according to fluctuation of the voltage of the power 
source during read-out of the image signal. 

In accordance with a second aspect of the present 
invention, there is provided an image read-out system 
comprising 

a stimulating light source which emits stimulating light 
in a wavelength range of not shorter than 600nm (preferably in 
a red region from 600 to 800nm) , 

a stimulating light scanning means which causes the 
stimulating light emitted from the stimulating light source to 
scan a stimulable phosphor sheet having a layer of stimulable 
phosphor which emits stimulated emission in a wavelength range 
of not longer than SOOnm (preferably in a blue region from 300 
to SOOnm) in proportion to the stored energy of radiation upon 
exposure to the stimulating light, 

a solid image sensor having a photoconductive material 
layer the major component of which is a-Se and which exhibits 
electric conductivity upon exposure to the stimulated emission 
from the stimulable phosphor sheet, 

an electric voltage imparting means which imparts an 



18 



electric voltage to the photoconductive material layer of the 
solid image sensor to apply such an electric field as to generate 
an avalanche amplification effect in the photoconductive 
material layer, and 
5 an image signal obtaining means which detects electric 

charges generated in the photoconductive material layer of the 
solid image sensor when the stimulable phosphor sheet is exposed 
to the stimulating light and stimulated emission emitted from 
the stimulable phosphor sheet impinges upon the photoconductive 

10 material with an electric voltage imparted to the 
photoconductive material layer by the electric voltage 
application means to apply such an electric field as to generate 
an avalanche amplification effect in the photoconductive 
material layer, and detects an image signal representing an 

15 image stored on the stimulable phosphor sheet. 

The thickness of the photoconductive material layer of 
the solid image sensor is preferably not smaller than Ifim and 
not larger than lOOfun, and more preferably not smaller than 10\m 
and not larger than SOjm. 

20 Further, it is preferred that the image read-out system 

of the second aspect be further provided with a fluctuation 
suppressing means which suppresses fluctuation of the image 
signal due to fluctuation in the electric field applied to the 
photoconductive material layer. 

25 In the image read-out method of the first aspect of the 

present invention and the image read-out system of the second 
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aspect of the present invention, a stimulable phosphor sheet 
having a layer of stimulable phosphor which is stimulated by 
stimulating light in a wavelength range of not shorter than 
600nm and emits stimulated emission in a wavelength range of 
not longer than 500nm in proportion to the stored energy of 
radiation upon exposure to the stimulating light, and a solid 
image sensor having a photoconductive material layer the major 
component of which is a-Se and which exhibits electric 
conductivity upon exposure to the stimulated emission from the 
stimulable phosphor sheet are employed in combination with each 
other, and the image stored on the stimulable phosphor sheet 
is read out while applying, to the photoconductive material 
layer, such an electric field as to generate an avalanche 
amplification effect in the photoconductive material layer. 
15 A-Se is high in sensitivity to a wavelength in a blue region 
not longer than 500nm and the quantum efficiency of a-Se to 
stimulated emission close to 400nm is as high as 60 to 70%. 
Accordingly, in accordance with the method and system of the 
first and second aspects, stimulated emission in a blue region 
20 emitted from the stimulable phosphor sheet can be detected at 
a high efficiency. Further, by virtue of the avalanche 
amplification effect, the amount of charges to be taken out can 
be greatly increased, whereby the S/N ratio of the image signal 
can be improved and the quality of the image can be improved. 
25 Further when fluctuation of the image signal due to 

fluctuation in electric field distribution is suppressed, a 
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stable image signal is obtained and an image of higher quality 

can be obtained. 

Further since a-Se hardly has sensitivity to light in a 
wavelength range not shorter than 600nm and almost wholly 
transmits such light, a-Se is large in the ratio of the 
sensitivity to the stimulated emission (near 400nm) to that to 
the stimulating light (600 to 700nm) . For example, in a state 
where no avalanche amplification effect is obtained, the ratio 
of the sensitivity to blue light (470nm) to that to red light 
( 680nm) is about 3 . 5 figures when the thickness of the a-Se layer 
is lOMm. AS the thickness of the a-Se layer is smaller, the 
blue/red sensitivity ratio increases and when an avalanche 
amplification effect is available, the blue/red sensitivity 
ratio further increases. Accordingly, use of a stimulating 
light cut filter is basically unnecessary, and by projecting 
stiiaulating light not shorter than 600nm in wavelength through 
a photoconductive material layer of a-Se, stimulated emission 
emitted from the surface of the stimulable phosphor layer can 
be effectively detected by the photoconductive material layer, 
whereby an image at high quality can be obtained. Further, 
since a-Se is very high in dark resistance as compared with a 
Si avalanche photodiode and the like, a high S/N ratio can be 
obtained. 

Further when a Si avalanche photodiode is used as a solid 
ixnage sensor, it is difficult to form a solid image sensor of 
a large area, e.g., a line sensor or an area sensor, since Si 
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is in the form of a crystal. To the contrast, an a-Se layer 
can be formed by low-temperature deposition process, and is 
suitable for forming a solid image sensor which is thin, large 
in area and strong to impact. For example, a long linear sensor 
5 or an area sensor can be easily formed of a-Se. 

Still another object of the present invention is to 
provide an image read-out method and an image read-out system 
in which a radiation image excellent in S/N ratio can be read 
out at a high speed by use of a solid image sensor or an image 
10 detecting sheet. 

Still another object of the present invention is to 
provide a solid image sensor and an image detecting sheet which 
can used to detect weak stimulated emission emitted from a 
stimulable phosphor sheet, and which is small in output capacity 
15 so that a high S/N ratio can be obtained and can greatly increase 

the image read-out speed. 

Still another object of the present invention is to 
provide a solid image sensor and an image detecting sheet which 
is strong against impact, can be thin, is higher than a 
20 photomultiplier in quantum efficiency to stimulated emission 

and/or sensitivity to blue/sensitivity to red ratio, large in 
dark resistance, can obtain a high S/N ratio, and can be made 
in a large area easily and at low cost. 

In accordance with a third aspect of the present invention, 
25 there is provided an image read-out method of obtaining an image 

signal bearing thereon image inf oimation by use of a stimulable 
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phosphor sheet having a layer of stimulable phosphor which emits 
stimulated emission in proportion to the stored energy of 
radiation upon exposure to stimulating light and a solid image 
sensor having a photoconductive material layer which exhibits 
5 electric conductivity upon exposure to the stimulated emission 

from the stimulable phosphor sheet and a pair of electrode 
layers which are disposed on opposite sides of the 
photoconductive material layer and are provided with electrodes 
for detecting electric charges generated in the photoconductive 

10 material layer, and by scanning with stimulating light a 
stimulable phosphor sheet which has been exposed to radiation 
and has stored thereon an image, causing the photoconductive 
material layer to be exposed to stimulated emission emitted from 
the stimulable phosphor sheet upon exposure to the stimulating 

15 light, and detecting electric charges generated in the 

photoconductive material layer upon exposure to the stimulated 
emission by applying an electric field to the photoconductive 
material layer, wherein the improvement comprises that 

said stimulable phosphor sheet has a layer of stimulable 

20 phosphor which is stimulated by stimulating light in a 
wavelength range of not shorter than 600nm (preferably in a red 
region from 600 to 800nm) and emits stimulated emission in a 
wavelength range of not longer than 500nm (preferably in a blue 
region from 300 to 500nm), 

25 said solid image sensor has a photoconductive material 

layer whose major component is a-Se, and 
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the electrode of at least one of the electrode layers is 
divided by picture element pitches into a stripe electrode 
comprising a plurality of line electrode elements arranged in 
a row. 

5 In this specification^ the expression "the electrode is 

divided by picture element pitches" means that the electrode 
is divided into a plurality of elements which are arranged in 
pitches equal to the picture element pitches and each of which 
is not larger than the picture element pitches so that each 

10 electrode element is in one-to-one correspondence to a picture 

element in the direction of arrangement of the electrode 
elements. An insulator member (may be said photoconductive 
material layer) is disposed in each gap between adjacent 
electrode elements . 

15 In the image read-out method in accordance with the third 

aspect of the present invention^ it is preferred that the 
stimulating light in the form of a line beam which intersects 
the longitudinal direction of the line electrode elements of 
said one electrode layer be employed^ the line beam be caused 

20 to scan the solid image sensor in the longitudinal direction 

of the line electrode elements of said one electrode layer while 
applying an electric field between each of the line electrode 
elements of said one electrode layer and the electrode of the 
other electrode layer ^ and electric charges generated in the 

25 photoconductive material layer as the line beam scans the solid 

image sensor be detected line electrode element by line 
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electrode element. 

Further it is preferred that the electrode of the other 
electrode layer be divided into a stripe electrode comprising 
a plurality of line electrode elements arranged in a row, each 
extending to intersect the line electrode elements of said one 
electrode layer, and an electric field be applied between one 
of the line electrode elements of said the other electrode layer 
corresponding to the read-out line and the line electrode 
elements of said one electrode layer. 

It is further preferred that also the electrode of said 
the other electrode layer be divided by picture element pitches 
so that each line electrode element is in one-to-one 
correspondence to a picture element in the direction of 
arrangement of the line electrode elements. 

The thickness of the photoconductive material layer of 
the solid image sensor is preferably not smaller than O.lum so 
that the photoconductive material layer absorbs a sufficient 
amount of stimulated emission and the level of signal to be taken 
out can be high enough. Further, it is preferred that the 
thickness of the photoconductive material layer be as large as 
possible in order to reduce the distribution capacity and 
suppress fixed noise, but when the thickness is too large, the 
voltage of the power source for imparting the electric field 
becomes too high. Accordingly, in order to reduce the fixed 
noise while taking into account the voltage of the power source, 
the thickness of the photoconductive material layer of the solid 



image sensor is preferably not smaller than 0. Ijjun and not larger 
than 100(un. 

Further, it the image read-out method in accordance with 
the third aspect of the present invention / it is preferred that 
5 said electric field be such as to generate an avalanche 
amplification effect in the photoconductive material layer, 
in order to make effective the avalanche amplification, the 
thickness of the photoconductive material layer is preferably 

not smaller than l^m and more preferably not smaller than lOjim. 

10 In order to generate the avalanche amplification effect in the 

photoconductive material layer, it is necessary to apply a high 
electric field to the photoconductive material layer. However, 
when the thickness is too large, the voltage of the power source 
for imparting the electric field becomes too high. Accordingly, 

15 in order to increase the avalanche amplification effect while 

taking into account the voltage of the power source, the 
thickness of the photoconductive material layer of the solid 
image sensor is preferably not smaller than l^m (more preferably 
not smaller than lO^un) and not larger than 50|jun. 

20 When a photoconductive material layer whose major 

component is a-Se is used under an electric field which 
generates an avalanche amplification effect in the 
photoconductive material layer, the photoconductive material 
layer becomes sensitive to fluctuation of electric field 

25 distribution (e.g., fluctuation in the voltage of the power 
source) and the image signal fluctuates. Accordingly, it is 
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preferred that fluctuation of the image signal due to 
fluctuation in electric field distribution be suppressed. The 
fluctuation of the image signal can be suppressed, for instance, 
by suppressing fluctuation of the voltage of the power source, 
5 or by storing fluctuation in the output data with fluctuation 
in the voltage of the power source and correcting the image 
signal according to fluctuation of the vdltage of the power 
source during read-out of the image signal. 

Further it is preferred that the solid image sensor be 

10 provided with a photoconductive material layer which also 

exhibits electric conductivity upon exposure to recording light 
bearing thereon image information or momentary light emitted 
from the stimulable phosphor layer upon exposure to the 
recording light, and charges generated in the photoconductive 

15 material layer when the recording light or the momentary light 

impinges upon the photoconductive material layer be detected, 
thereby obtaining a preliminary read-out image signal. This 
means that a preliminary read-out image signal is obtained by 
use of a solid image sensor which is used in the final read-out. 

20 From this viewpoint, it is preferred that the method be applied 

to a system in which an image recording system and an image 
read-out system are integrated into a unit or to a radiation 
image detecting sheet comprising a stimulable phosphor sheet 
having a stimulable phosphor layer and a solid image sensor 

25 having a photoconductive material layer which are integrated 

into a unit. 
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In order to obtain a more accurate preliminary read-out 
image signal, it is preferred that a solid image sensor in which 
the electrode of the other electrode layer is divided into a 
stripe electrode comprising a plurality of line electrode 
elements arranged in a row, each extending to intersect the line 
electrode elements of said one electrode layer be used, and 
electric charges generated in the photoconductive material 
layer when the recording light or the momentary light impinges 
upon the photoconductive material layer be detected by line 
electrode elements of said the other electrode layer. 

In this case, since a preliminary read-out image signal 
is read out through the line electrode elements of each of the 
electrode layers, a more detailed preliminary read-out image 
signal can be obtained from the two preliminary read-out image 
signals. 

How to use the two preliminary read-out image signal 
depends upon the projecting condition of the recording light. 
For example when the entire area of the stimulable phosphor 
sheet is flashed to the recording light at one time, one- 
dimensionally compressed information integrated in the 
longitudinal direction of the line electrode elements of one 
electrode layer is obtained from the line electrode elements 
of the one electrode layer, and one-dimensionally compressed 
information integrated in the transverse direction of the line 
electrode elements of the one electrode layer is obtained from 
the line electrode elements of the electrode layer- Then, a 
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more detailed preliminary read-out image signal can be obtained 
from the two pieces of one-dimensionally compressed 
information. 

In accordance with a fourth aspect of the present 
5 invention, there is provided an image read-out system 
comprising 

a stimulating light scanning means which causes 
stimulating light to scan a stimulable phosphor sheet having 
a stimulable phosphor layer which emits stimulated emission in 

10 proportion to the stored energy of radiation upon exposure to 
the stimulating light, 

a solid image sensor having a photoconductive material 
layer which exhibits electric conductivity upon exposure to the 
stimulated emission from the stimulable phosphor sheet and a 

15 pair of electrode layers which are disposed on opposite sides 

of the photoconductive material layer and are provided with 
electrodes for detecting electric charges generated in the 
photoconductive material layer, 

an electric voltage imparting means which imparts an 

20 electric voltage to the photoconductive material layer of the 

solid image sensor to apply an electric field to the 
photoconductive material layer, and 

an image signal obtaining means which detects electric 
charges generated in the photoconductive material layer of the 

25 solid image sensor when the stimulable phosphor sheet is exposed 

to the stimulating light and stimulated emission emitted from 
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the stimulable phosphor sheet Impinges upon the photoconductive 
material with an electric voltage imparted to the 
photoconductive material layer by the electric voltage 
application means to apply an electric field to the 
photoconductive material layer, and detects an image signal 
representing an image stored on the stimulable phosphor sheet, 
wherein the improvement comprises that 

said stimulable phosphor sheet has a stimulable phosphor 
layer which is stimulated by stimulating light in a wavelength 
range of not shorter than 600nm (preferably in a red region from 
600 to 800nm) and emits stimulated emission in a wavelength 
range of not longer than SOOnm (preferably in a blue region from 
300 to 500nm), 

said solid image sensor has a photoconductive material 
layer whose major component is a-Se, and 

the electrode of at least one of the electrode layers is 
divided by picture element pitches into a stripe electrode 
comprising a plurality of line electrode elements arranged in 
a row. 

In the image read-out system in accordance with the fourth 
aspect of the present invention, it is preferred that 

the stimulating light scanning means causes the 
stimulating light in the form of a line beam which intersects 
the longitudinal direction of the line electrode elements of 
said one electrode layer to scan the solid image sensor in the 
longitudinal direction of the line electrode elements of said 



one electrode layer ^ 

the electric voltage imparting means imparts an electric 
voltage between the electrode layers so that an electric field 
is generated in the photoconductive material layer between each 
5 of the line electrode elements of said one electrode layer and 
the electrode of the other electrode layer ^ and 

the image signal obtaining means detects electric charges 
generated in the photoconductive material layer as the line beam 
scans the solid image sensor line electrode element by line 
10 electrode element. 

Further it is preferred that the electrode of the other 
electrode layer be divided into a stripe electrode comprising 
a plurality of line electrode elements arranged in a row, each 
extending to intersect the line electrode elements of said one 
15 electrode layer, and the electric voltage imparting means 

imparts an electric voltage between the electrode layers so that 
an electric field is applied to the photoconductive material 
layer between one of the line electrode elements of said the 
other electrode layer corresponding to the read-out line and 
20 the line electrode elements of said one electrode layer. 

The thickness of the photoconductive material layer of 
the solid image sensor is preferably not smaller than 0.1|Lun and 
not larger than lOO^un. 

Further, in the image read-out system in accordance with 
25 the fourth aspect of the present invention, it is preferred that 
said electric voltage imparting means imparts an electric 
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voltage which applies an electric field such as to generate an 
avalanche amplification effect in the photoconductive material 
layer. In this case, the thickness of the photoconductive 
material layer of the solid image sensor is preferably not 
5 smaller than lOimn and not larger than SO^un. 

It is further preferred that the image read-out system 
of the fourth aspect of the present invention be provided with 
a fluctuation suppressing means which suppresses fluctuation 
of the image signal due to fluctuation in the electric field 

10 applied to the photoconductive material layer. 

Further it is preferred that the solid image sensor be 
provided with a photoconductive material layer which also 
exhibits electric conductivity upon exposure to recording light 
bearing thereon image information or momentary light emitted 

15 from the stimulable phosphor layer upon exposure to the 

recording light, and there is provided a preliminary read-out 
image signal obtaining means which obtains a preliminary 
read-out image signal bearing thereon image information by 
detecting charges generated in the photoconductive material 

20 layer when the recording light or the momentary light impinges 

upon the photoconductive material layer. 

In accordance with a fifth aspect of the present invention, 
there is provided a two-dimensional solid image sensor for use 
in the image read-out method and the image read-out system in 

25 accordance with the third and fourth aspects of the present 

invention comprising a photoconductive material layer which 
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exhibits electric conductivity upon exposure to stimulated 
emission from a stimulable phosphor sheet and a pair of 
electrode layers which are disposed on opposite sides of the 
photoconductive material layer and are provided with electrodes 
5 for detecting electric charges generated in the photoconductive 

material layer, wherein the improvement comprises that 

said solid image sensor has a photoconductive material 
layer whose major component is a-Se, and 

the electrode of at least one of the electrode layers is 
10 divided by picture element pitches into a stripe electrode 

comprising a plurality of line electrode elements arranged in 
a row. 

It is preferred that the electrode of the other electrode 
layer be divided into a stripe electrode comprising a plurality 
15 of line electrode elements arranged in a row, each extending 

to intersect the line electrode elements of said one electrode 
layer. 

The thickness of the photoconductive material layer of 
the solid image sensor is preferably not smaller than O.l^m and 
20 not larger than lOOinm. In order to increase the avalanche 

amplification effect, the thickness of the photoconductive 
material layer of the solid image sensor is preferably not 
smaller than 10.|jjn and not larger than SOfjim. 

The stimulable phosphor sheet and the solid image sensor 
25 may be separate members or may be integrated into a unit. When 
a relatively thin stimulable phosphor sheet and a relatively 
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thin solid image sensor are laminated into an image detecting 
sheet with the stimulable phosphor layer and the 
photoconductive material layer opposed to each other ^ a thin 
and light image detecting sheet can be obtained. Stich an image 
5 detecting sheet can remarkably improve the stimulated emission 

collecting efficiency and provides a high quality image. 
Further when such an image detecting sheet is employed, a 
photomultiplier need not be used, which makes it feasible to 
reduce the overall size of the system. 

10 In accordance with a sixth aspect of the present invention, 

there is provided an image detecting sheet comprising an image 
recording portion having a stimulable phosphor layer which 
emits stimulated emission in proportion to stored energy of 
radiation upon exposure to stimulating light and an image 

15 read-out portion which is opposed to the image recording portion 

and comprises a photoconductive material layer which exhibits 
electric conductivity upon exposure to the stimulated emission 
from the stimulable phosphor sheet and a pair of electrode 
layers which are disposed on opposite sides of the 

20 photoconductive material layer and are provided with electrodes 

for detecting electric charges generated in the photoconductive 
material layer, wherein the improvement comprises that 

said image recording portion has a layer of stimulable 
phosphor which is stimulated by stimulating light in a 

25 wavelength range of not shorter than 600nm (preferably in a red 
region from 600 to 800nm) and emits stimulated emission in a 
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wavelength range of not longer than 500nm (preferably in a blue 
region from 300 to 500nm), 

said image read-out portion has a photoconductive 
material layer whose major component is a-Se, and 
5 the electrode of at least one of the electrode layers is 

divided by picture element pitches into a stripe electrode 
comprising a plurality of line electrode elements arranged in 
a row. 

It is preferred that the electrode of the other electrode 
10 layer be divided into a stripe electrode comprising a plurality 

of line electrode elements arranged in a row, each extending 
to intersect the line electrode elements of said one electrode 
layer. 

The thickness of the photoconductive material layer of 
15 the solid image sensor is preferably not smaller than O.ljm and 

not larger than lOOfiin. In order to increase the avalanche 
amplification effect, the thickness of the photoconductive 
material layer of the solid image sensor is preferably not 
smaller than 10 .^m and not larger than 50(xm. 
20 In the image read-out method of the third aspect of the 

present invention and the image read-out system of the fourth 
aspect of the present invention, a stimulable phosphor sheet 
having a layer of stimulable phosphor which is stimulated by 
stimulating light in a wavelength range of not shorter than 
25 600nm and emits stimulated emission in a wavelength range of 

not longer than 500nm in proportion to the stored energy of 
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radiation upon exposure to the stimulating light, and a solid 
image sensor having a photoconductive material layer the major 
component of which is a-Se and which exhibits electric 
conductivity upon exposure to the stimulated emission from the 
stimulable phosphor sheet are employed in combination with each 
other with the electrode of at least one of the electrode layers 
on opposite sides of the photoconductive material layer of the 
solid image sensor divided by picture element pitches into a 
stripe electrode comprising a plurality of line electrode 
elements arranged in a row. 

An a-Se layer is highly sensitive to a wavelength in a 
blue region not longer than 500nm (absorbs a sufficient amount 
of blue light) and the quantum efficiency of a-Se to stimulated 
emission close to 400nm is as high as 60 to 70% provided that 
it is not smaller than O.lfm in thickness. Accordingly, in 
accordance with the method and system of the third and fourth 
aspects, stimulated emission in a blue region emitted from the 
stimulable phosphor sheet can be detected at a high efficiency. 
Further since the electrode for detecting the charges is divided 
by picture element pitches into a plurality of electrode 
elements so that each electrode element is in one-to-one 
correspondence to a picture element, the area of each electrode 
element is very small even if the photoconductive material layer 
is substantially the same as the stimulable phosphor sheet in 
area and, accordingly, dark current noise and/or capacitance 
noise can be reduced, whereby a high quality image which is high 



in S/N ratio can be obtained - 

When electric charges are detected by the line electrode 
elements of the electrode divided by picture element pitches 
while scanning the solid image sensor with a line beam 
5 intersecting the longitudinal direction of the line electrode 

elements^ the electric charges can be simultaneously detected 
in the direction of arrangement of the line electrode elements, 
which results in a higher read-out speed. Further, since a 
stimulating light source in the form of a line source can be 
10 formed by a relatively thin light source such as a fluorescent 

light, a LED or an organic EL, the overall system can be thin. 

Further, when the electrode of the other electrode layer 
is divided into a stripe electrode comprising a plurality of 
line electrode elements arranged in a row, each extending to 
15 intersect the line electrode elements of said one electrode 

layer, the distribution capacity can be reduced and fixed noise 
can be suppressed by switching the electrode elements of said 
the other electrode layer with the read-out line. 

Further since a-Se hardly has sensitivity to light in a 
20 wavelength range not shorter than 600nm and almost wholly 

transmits such light, a-Se is large in the ratio of the 
sensitivity to the stimulated emission (near 400nm) to that to 
the stimulating light (600 to 700nm) • For example, in a state 
where no avalanche amplification effect is obtained, the ratio 
25 of the sensitivity to blue light (470nm) to that to red light 

( 680nm) is about 3 . 5 figures when the thickness of the a-Se layer 
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is 10(jm. As the thickness of the a-Se layer is smaller, the 
blue/red sensitivity ratio increases and when an avalanche 
amplification effect is available, the blue/red sensitivity 
ratio further increases. Accordingly, use of a stimulating 
5 light cut filter is basically unnecessary, and by projecting 
stimulating light not shorter than 600nm in wavelength through 
a photoconductive material layer of a-Se, stimulated emission 
emitted from the surface of the stimulable phosphor layer can 
be effectively detected by the photoconductive material layer, 
10 whereby an image at high quality can be obtained. Further, 

since a-Se is very high in dark resistance as compared with a 
Si avalanche photodiode and the like, a high S/N ratio can be 
obtained. 

Further when a Si avalanche photodiode is used as a solid 
15 image sensor, it is difficult to form a solid image sensor of 

a large area, e.g., an area sensor, since Si is in the form of 
a crystal. To the contrast, an a-Se layer can be formed by 
low-temperature deposition process, and is suitable for forming 
a solid image sensor which is thin, large in area and strong 

20 to impact. For example an area sensor 17"xl7" can be easily 

formed of a-Se. 

When an electric field which can generate an avalanche 

amplification effect is applied to the photoconductive material 

layer, the amount of charges to be taken out can be greatly 
25 increased, whereby the S/N ratio of the image signal can be 

improved and the quality of the image can be improved. 



38 



Further by suppressing fluctuation in the image signal 
due to fluctuation in the electric field distribution, the image 
signal can be stabilized and the image quality is further 
improved . 

Further, when that the solid image sensor is provided with 
a photoconductive material layer which also exhibits electric 
conductivity upon exposure to recording light bearing thereon 
image information or momentary light emitted from the 
stimulable phosphor layer upon exposure to the recording light, 
and charges generated in the photoconductive material layer 
when the recording light or the momentary light impinges upon 
the photoconductive material layer is detected, thereby 
obtaining a preliminary read-out image signal, a preliminary 
read-out image signal can be obtained while a radiation image 
is being recorded on the stimulable phosphor sheet by use of 
the detecting system for final read-out . With this arrangement , 
preliminary read-out does not add to the cost. 

Further, since being effected while a radiation image is 
being recorded on the stimulable phosphor sheet, the 
preliminary read-out does not reduce the amount of information 
to be obtained by final read-out and does not adversely affect 
the final read-out unlike preliminary read-out which is 
effected before the final read-out. Further, since it is not 
necessary to scan the stimulable phosphor sheet with 
stimulating light for preliminary read-out, time loss in 
reading out the image can be saved. Further since preliminary 



read-out information on substantially over the entire area of 
the stimulable phosphor sheet can be obtained, image read-out 
conditions and/or the image processing conditions can be 
accurately set. 

In the solid image sensor in accordance with the fifth 
aspect of the present invention, the major component of the 
photoconductive material layer is a-Se and the electrode of at 
least one of the electrode layers is divided by picture element 
pitches into a stripe electrode compris^^ng a plurality of line 
electrode elements arranged in a row. Accordingly, the area 
of each electrode element is very small and dark current and/or 
output capacitance can be reduced. 

Further in accordance with the sixth aspect of the present 
invention, a light and thin image detecting sheet can be 
obtained while keeping the aforesaid various merits. Further 
the stimulated emission collecting efficiency can be greatly 
increased and the quality of the image to be obtained can be 
greatly improved. Further, the radiation image recording and 
read-out system can be small in size as compared with a system 
where a photomultiplier is employed. 

Still another object of the present invention is to 
provide an image read-out method and an image read-out system 
for reading out a radiation image from a stimulable phosphor 
sheet in which the preliminary read-out which is to be carried 
out prior to the final read-out can be carried out accurately 
without affecting the final read-out and without adding to the 



40 



cost. 

In accordance with a seventh aspect of the present 
invention^ there is provided an image read-out method of 
obtaining an image signal bearing thereon image information by 
5 use of a stimulable phosphor sheet having a layer of stimulable 

phosphor which emits stimulated emission in proportion to the 
stored energy of radiation upon exposure to stimulating light 
and a solid image sensor having a photoconductive material layer 
which exhibits electric conductivity upon exposure to the 

10 stimulated emission from the stimulable phosphor sheet and by 

scanning with stimulating light a stimulable phosphor sheet 
which has been exposed to radiation and has stored thereon an 
image, causing the photoconductive material layer to be exposed 
to stimulated emission emitted from the stimulable phosphor 

15 sheet upon exposure to the stimulating light, and detecting 

electric charges generated in the photoconductive material 
layer upon exposure to the stimulated emission by applying an 
electric field to the photoconductive material layer, wherein 
the improvement comprises the steps of 

20 using a solid image sensor whose photoconductive material 

layer also exhibits electric conductivity upon exposure to 
recording light bearing thereon image information (e.g., the 
radiation passing through the object) or momentary light 
emitted from the stimulable phosphor layer upon exposure to the 

25 recording light, 

projecting the recording light onto the stimulable 
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phosphor sheet while applying an electric field to the 
photoconductive material layer ^ and 

detecting charges generated in the photoconductive 
material layer when the recording light or the momentary light 
impinges upon the photoconductive material layer, thereby 
obtaining a preliminary read-out image signal bearing thereon 
image information. 

This means that a preliminary read-out image signal is 
obtained by use of a solid image sensor which is used in the 
final read-out. From this viewpoint, it is preferred that the 
method of the seventh aspect be applied to a system in which 
an image recording system and an image read-out system are 
integrated into a unit or to a two-dimensional radiation image 
detecting sheet comprising a stimulable phosphor sheet having 
a stimulable phosphor layer and a solid image sensor having a 
photoconductive material layer which are integrated into a 
unit. 

The solid image sensor may be a two-dimensional sensor 
(area sensor) which is substantially the same as the stimulable 
phosphor sheet in area, or a one-dimensional sensor (line 
sensor) or a zero-dimensional sensor which is long or smaller 
in area than the stimulable phosphor sheet. When the solid 
image sensor is in the form of a one-dimensional sensor or a 
zero-dimensional sensor, it is preferred that the preliminary 
read-out image signal be obtained by moving the solid image 
sensor relatively to the stimulable phosphor sheet during 
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exposure to the recording light so that information on 
substantially the entire area of the stimulable phosphor sheet 
can be obtained. In this case, the solid image sensor may be 
moved at a higher speed than in the final read-out so that a 
5 rougher preliminary read-out image signal is obtained. 

When the solid image sensor is in the form of a two- 
dimensional sensor, in order to obtain more accurate 
preliminary read-out image signal, it is preferred that a solid 
image sensor in which the electrode of one of the electrode 

10 layers is divided into a stripe electrode comprising a plurality 

of line electrode elements arranged in a row be used, and 
electric charges generated in the photoconductive material 
layer when the recording light or the momentary light impinges 
upon the photoconductive material layer be detected by line 

15 electrode elements of said one electrode layer. 

It is further preferred that a solid image sensor in which 
the electrode of the other electrode layer is also divided into 
a stripe electrode comprising a plurality of line electrode 
elements arranged in a row, each extending to intersect the line 

20 electrode elements of said one electrode layer be used, and 

electric charges generated in the photoconductive material 
layer when the recording light or the momentary light impinges 
upon the photoconductive material layer be detected also by line 
electrode elements of said the other electrode layer. 

25 In this case, since a preliminary read-out image signal 

is read out through each of the electrode layers by the line 
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electrode elements thereof ^ a more detailed preliminary 
read-out image signal can be obtained from the two preliminary 
read-out image signals. 

How to use the two preliminary read-out image signal 
5 depends upon the projecting condition of the recording light. 

For example when the entire area of stimulable phosphor sheet 
is flashed to the recording light at one time^ one-dimensionally 
compressed information integrated in the longitudinal 
direction of the line electrode elements of one electrode layer 

10 is obtained from the line electrode elements of the one 

electrode layer, and one-dimensionally compressed information 
integrated in the transverse direction of the line electrode 
elements of the one electrode layer is obtained from the line 
electrode elements of the electrode layer. Then, a more 

15 detailed preliminary read-out image signal can be obtained from 

the two pieces of one-dimensionally compressed information. 

In accordance with an eighth aspect of the present 
invention, there is provided an image read-out system 
comprising 

20 a stimulating light source which emits stimulating light, 

a stimulating light scanning means which causes the 
stimulating light emitted from the stimulating light source to 
scan a stimulable phosphor sheet having a layer of stimulable 
phosphor which emits stimulated emission in proportion to the 

25 stored energy of radiation upon exposure to the stimulating 
light. 
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a solid image sensor having a photoconductive material 
layer which exhibits electric conductivity upon exposure to the 
stimulated emission from the stimulable phosphor sheet, 

an electric voltage imparting means which imparts an 
5 electric voltage to the photoconductive material layer of the 

solid image sensor to apply an electric field to the 
photoconductive material layer, and 

an image signal obtaining means which detects electric 
charges generated in the photoconductive material layer of the 
10 solid image sensor when the stimulable phosphor sheet is exposed 

to the stimulating light and stimulated emission emitted from 
the stimulable phosphor sheet impinges upon the photoconductive 
material with an electric field applied to the photoconductive 
material layer, and detects an image signal representing an 
15 image stored on the stimulable phosphor sheet, wherein the 

improvement comprises that 

the photoconductive material layer of the solid image 
sensor also exhibits electric conductivity upon exposure to 
recording light bearing thereon image information or momentary 
20 light emitted from the stimulable phosphor layer upon exposure 

to the recording light, and 

there is provided a preliminary read-out image signal 
obtaining means which obtains a preliminary read-out image 
signal bearing thereon image information by detecting charges 
25 generated in the photoconductive material layer when the 

recording light or the momentary light impinges upon the 
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photoconductive material layer. 

In the image read-out system in accordance with the eighth 
aspect of the present invention, it is preferred that the solid 
image sensor is provided with a pair of electrode layers on 
opposite sides of the photoconductive material layer, each 
having an electrode, the electrode of one of the electrode 
layers is divided into a stripe electrode comprising a plurality 
of line electrode elements arranged in a row, and the image 
signal obtaining means detects electric charges generated in 
the photoconductive material layer when the recording light or 
the momentary light impinges upon the photoconductive material 
layer by line electrode elements of said one electrode layer. 

It is further preferred that the electrode of the other 
electrode layer be also divided into a stripe electrode 
comprising a plurality of line electrode elements arranged in 
a row, each extending to intersect the line electrode elements 
of said one electrode layer, and the preliminary read-out image 
signal obtaining means detects electric charges generated in 
the photoconductive material layer when the recording light or 
the momentary light impinges upon the photoconductive material 
layer be detected also by line electrode elements of said the 
other electrode layer. 

In the image read-out method in accordance with the 
seventh aspect of the present invention and the image read- 
out system in accordance with the eighth aspect of the present 
invention, a preliminary read-out image signal can be obtained 
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while a radiation image is being recorded on the stimulable 
phosphor sheet by use of the detecting system for final read-out . 
With this arrangement, the preliminary read-out image signal 
can be obtained without an additional sensor for the preliminary 
read-out and accordingly, the preliminary read-out does not add 
to the cost. 

Further, since being effected while a radiation image is 
being recorded on the stimulable phosphor sheet, the 
preliminary read-out does not reduce the amount of information 
to be obtained by final read-out and does not adversely affect 
the final read-out unlike preliminary read-out which is 
effected before the final read-out. 

Further, since it is not necessary to scan the stimulable 
phosphor sheet with stimulating light for preliminary read- 
out, time loss in reading out the image can be saved. 

Further when a zero-dimensional or one-dimensional 
sensor is used, preliminary read-out information can be 
obtained substantially over the entire area of the stimulable 
phosphor sheet by moving the sensor relatively to the stimulable 
phosphor sheet at a speed higher than that for the final read-out 
by use of the scanning system for the final read-out, the 
read-out conditions and/or the image processing conditions can 
accurately set even if the sensor itself cannot cover the entire 
area of the stimulable phosphor sheet. 

When a two-dimensional solid image sensor which is 
substantially the same as the stimulable phosphor sheet in area 



is used, the preliminary read-out can be accurately carried out 
by using a solid image sensor having a strip electrode 
comprising a plurality of line electrodes and detecting the 
charges by the line electrodes. 

Still another object of the present invention is to 
provide an image read-out method and an image read-out system 
which can stably obtain an image excellent in S/N ratio when 
an image is read out by use of a stimulable phosphor sheet and 
a solid image sensor (semiconductor sensor). 

Still another object of the present invention is to 
provide a solid image sensor which is used for carrying out the 
image read-out method and is used in the image read-out system. 

Still another object of the present invention is to 
provide an image read-out method and an image read-out system 
which is not affected by false signals or flare and to provide 
a solid image sensor which is used for carrying out the image 
read-out method and is used in the image read-out system. 

In accordance with a ninth aspect of the present invention, 
there is provided an image read-out method of obtaining an image 
signal bearing thereon image information by use of a stimulable 
phosphor sheet having a layer of stimulable phosphor which emits 
stimulated emission in proportion to the stored energy of 
radiation upon exposure to stimulating light and a solid image 
sensor having a photoconductive material layer which exhibits 
electric conductivity upon exposure to the stimulated emission 
from the stimulable phosphor sheet, and by scanning with 
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stimulating light a stimulable phosphor sheet which has been 
exposed to radiation and has stored the;^eon an image, causing 
the photoconductive material layer to be exposed to stimulated 
emission emitted from the stimulable phosphor sheet upon 
exposure to the stimulating light, and detecting electric 
charges generated in the photoconductive material layer upon 
exposure to the stimulated emission, wherein the improvement 
comprises that 

the solid image sensor has a photoconductive material 
layer having an area smaller than the area of the stimulable 
phosphor sheet and the stimulated emission receiving face of 
the solid image sensor is divided into a plurality of 
photoelectric conversion segments, and 

a plurality of image signal obtaining means are 
discretely connected to the respective photoelectric 
conversion segments to detect electric charges generated in the 
photoelectric conversion segments. 

The expression "the photoconductive material layer has 
an area smaller than the area of the stimulable phosphor sheet" 
means, for instance, that one side of the photoconductive 
material layer is equal to or shorter than one side of the 
stimulable phosphor sheet and the other side of the 
photoconductive material layer is shorter than the other side 
of the stimulable phosphor sheet. For example, when the solid 
image sensor is an elongated rectangular sensor, the long side 
of the solid image sensor (for instance, along the main scanning 
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line) may be equal to the width of the stimulable phosphor sheet, 
but in such a case, the shorter side of the solid image sensor 
should be shorter than the length of the stimulable phosphor 
sheet. Further, when the solid image sensor is substantially 
square in shape, each side of the solid image sensor may be 
smaller than the shorter side of the stimulable phosphor sheet. 

Each of the photoelectric conversion segments of the 
solid image sensor may be different from each in size and need 
not be in one-to-one correspondence to a picture element. 
Further, the stimulated emission receiving face of the solid 
image sensor may be divided in either of the main scanning 
direction and the sub-scanning direction or may be divided in 
both the main scanning direction and the sub-scanning direction. 
Further, the expression "the stimulated emission receiving face 
of the solid image sensor is divided into a plurality of 
photoelectric conversion segments" means that the 
photoelectric conversion segments can function independently 
of each other, and the stimulated emission receiving face of 
the solid image sensor may be divided into a plurality of 
photoelectric conversion segments, for instance, by dividing 
at least one of the electrodes on opposite sides of the 
photoconductive material layer or by forming partition walls 
between the segments. 

At the boundaries of the photoelectric conversion 
segments, stimulated emission from one picture element can 
simultaneously impinge upon two photoelectric conversion 



segments, and accordingly, it is preferred that the image signal 
for the one picture element be obtained by adding two image 
signals obtained from two image signal obtaining means 
connected to the two photoelectric conversion segments in order 
to smoothen joints of the image signals. 

Further since the stimulated emission is emitted from the 
part of the stimulable phosphor sheet exposed to the stimulating 
light, the photoelectric conversion segments upon which 
stimulated emission from one picture element impinges changes 
with the scanning position of the stimulating light. 
Accordingly, it is preferred that the image signals from the 
image signal obtaining means which are to be added be switched 
in response to scanning of the stimulating light. 

In accordance with a tenth aspect of the present invention, 
there is provided an image read-out method of obtaining an image 
signal bearing thereon image information by use of a stimulable 
phosphor sheet having a layer of stimulable phosphor which emits 
stimulated emission in proportion to the stored energy of 
radiation upon exposure to stimulating light and a solid image 
sensor having a photoconductive material layer which exhibits 
electric conductivity upon exposure to the stimulated emission 
from the stimulable phosphor sheet, and by scanning with 
stimulating light a stimulable phosphor sheet which has been 
exposed to radiation and has stored thereon an image, causing 
the photoconductive material layer to be exposed to stimulated 
emission emitted from the stimulable phosphor sheet upon 
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exposure to the stimulating light, and detecting electric 
charges generated in the photoconductive material layer upon 
exposure to the stimulated emission by applying an electric 
field to the photoconductive material layer, wherein the 
improvement comprises that 

a solid image sensor whose photoconductive material layer 
has an area smaller than the area of the stimulable phosphor 
sheet and whose stimulated emission receiving face is divided 
into a plurality of photoelectric conversion segments is used, 
and 

the photoelectric conversion segments are made active or 
inactive independently of each other. 

The photoelectric conversion segments can be made active 
or inactive, for instance, by controlling application of the 
electric field to the photoconductive material layer. 

Since the stimulated emission is emitted from the part 
of the stimulable phosphor sheet exposed to the stimulating 
light, the photoelectric conversion segments to be effective 
to obtain an image signal changes with the scanning position 
of the stimulating light. Accordingly, it is preferred that 
making active or inactive the photoelectric conversion segment 
be controlled in response to scanning of the stimulating light. 

As in the method in accordance with the ninth aspect of 
the present invention, at the boundaries of the photoelectric 
conversion segments, stimulated emission from one picture 
element can simultaneously impinge upon two photoelectric 
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conversion segments, and accordingly/ it is preferred that the 
image signal for the one picture element be obtained by adding 
two image signals obtained from two image signal obtaining means 
connected to the two photoelectric conversion segments in order 
5 to smoothen joints of the image signals. 

Further since the stimulated emission is emitted from the 
part of the stimulable phosphor sheet exposed to the stimulating 
light, the photoelectric conversion segments upon which 
stimulated emission from one picture element impinges changes 

10 with the scanning position of the stimulating light. 

Accordingly, it is preferred that the output signals from the 
photoelectric conversion segments which are to be added be 
switched in response to scanning of the stimulating light. 

That is , in the method in accordance with the ninth aspect 

15 of the present invention, the image signals are obtained by the 

image signal obtaining means on the basis of the output signals 
from the corresponding photoelectric conversion segments and 
then the image signals are added . To the contrast , in the method 
in accordance with the tenth aspect of the present invention, 

20 the output signals from the corresponding photoelectric 

conversion segments are added. 

In the methods in accordance with the ninth and tenth 
aspects of the present invention, it is preferred that a 
stimulable phosphor sheet having a layer of stimulable phosphor 

25 which is stimulated by stimulating light in a wavelength range 

of not shorter than 600nm and emits stimulated emission in a 



53 



wavelength range of not longer than 500nm be used, and a solid 
image sensor having a photoconductive material layer whose 
major component is a-Se be used. 

In accordance with an eleventh aspect of the present 
invention, there is provided a system for carrying out the image 
processing method in accordance with the ninth aspect of the 
present invention. That is, in accordance with the eleventh 
aspect of the present invention, there is provided an image 
read-out system comprising 

a stimulating light source which emits stimulating light, 
a stimulating light scanning means which causes the 
stimulating light emitted from the stimulating light source to 
scan a stimulable phosphor sheet having a layer of stimulable 
phosphor which emits stimulated emission in proportion to the 
stored energy of radiation upon exposure to the stimulating 
light, 

a solid image sensor having a photoconductive material 
layer which exhibits electric conductivity upon exposure to the 
stimulated emission from the stimulable phosphor sheet, and 

an image signal obtaining means which detects electric 
charges generated in the photoconductive material layer of the 
solid image sensor when the stimulable phosphor sheet is exposed 
to the stimulating light and stimulated emission emitted from 
the stimulable phosphor sheet impinges upon the photoconductive 
material, and obtains an image signal representing an image 
stored on the stimulable phosphor sheet, wherein the 



54 



improvement comprises that 

the solid image sensor has a photoconductive material 
layer having an area smaller than the area of the stimulable 
phosphor sheet and the stimulated emission receiving face of 
the solid image sensor is divided into a plurality of 
photoelectric conversion segments^ and 

a plurality of image signal obtaining means are 
discretely connected to the respective photoelectric 
conversion segments. 

It is preferred that the image read-out system further 
comprises an adder means which obtains an image signal for one 
picture element by adding a plurality of image signals obtained 
from a plurality of image signal obtaining means connected to 
a plurality of photoelectric conversion segments which receive 
stimulated emission from the picture element. 

In this case, it is preferred that the image read-out 
system further comprises a switching means which switches the 
image signals from the image signal obtaining means which are 
to be added in response to scanning of the stimulating light. 

In accordance with a twelfth aspect of the present 
invention, there is provided a system for carrying out the image 
processing method in accordance with the tenth aspect of the 
present invention. That is, in accordance with the twelfth 
aspect of the present invention, there is provided an image 
read-out system comprising 

a stimulating light source which emits stimulating light. 
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a stimulating light scanning means which causes the 
stimulating light emitted from the stimulating light source to 
scan a stimulable phosphor sheet having a layer of stimulable 
phosphor which emits stimulated emission in proportion to the 
stored energy of radiation upon exposure to the stimulating 
light, 

a solid image sensor having a photoconductive material 
layer which exhibits electric conductivity upon exposure to the 
stimulated emission from the stimulable phosphor sheet, 

an electric voltage imparting means which imparts an 
electric voltage to the photoconductive material layer of the 
solid image sensor to apply an electric field to the 
photoconductive material layer and 

an image signal obtaining means which detects electric 
charges generated in the photoconductive material layer of the 
solid image sensor when the stimulable phosphor sheet is exposed 
to the stimulating light and stimulated emission emitted from 
the stimulable phosphor sheet impinges upon the photoconductive 
material with an electric applied to the photoconductive 
material layer, and obtains an image signal representing an 
image stored on the stimulable phosphor sheet, wherein the 
improvement comprises that 

the solid image sensor has a photoconductive material 
layer having an area smaller than the area of the stimulable 
phosphor sheet and the stimulated emission receiving face of 
the solid image sensor is divided into a plurality of 
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photoelectric conversion segments, and 

there is provided a control means which makes active or 
inactive the photoelectric conversion segments independently 
of each other. 

The control means may make active or inactive the 
photoelectric conversion segments by controlling application 
of the electric field to the photoconductive material layer. 

It is preferred that the control means makes active or 
inactive the photoelectric conversion segments in response to 
scanning of the stimulating light. 

It is preferred that the image read-out system further 
comprises an adder means which obtains an image signal for one 
picture element by adding a plurality of output signals from 
a plurality of photoelectric conversion segments which receive 
stimulated emission from the picture element. 

In this case, it is preferred that the image read-out 
system further comprises a switching means which switches the 
output signals from the photoelectric conversion segments which 
are to be added in response to scanning of the stimulating light. 

In the systems in accordance with the eleventh and twelfth 
aspects of the present invention, it is preferred that the 
stimulable phosphor sheet has a layer of stiraulable phosphor 
which is stimulated by stimulating light in a wavelength range 
of not shorter than 600nm and emits stimulated emission in a 
wavelength range of not longer than 500nm, and the solid image 
sensor has a photoconductive material layer whose major 
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component is a-Se. 

In accordance with a thirteenth aspect of the present 
invention, there is provided a solid image sensor comprising 
a photoconductive material layer which exhibits electric 
conductivity upon exposure to stimulated emission emitted from 
a stimulable phosphor sheet upon exposure to stimulating light, 
wherein the improvement comprises that 

the photoconductive material layer has an area smaller 
than the area of the stimulable phosphor sheet and the 
stimulated emission receiving face of the solid image sensor 
is divided into a plurality of photoelectric conversion 
segments . 

It is preferred that the major component of the 
photoconductive material layer is a-Se. 

In the image read-out method in accordance with the ninth 
aspect of the present invention and the image read-out system 
in accordance with the eleventh aspect of the present invention, 
since the solid image sensor has a photoconductive material 
layer having an area smaller than the area of the stimulable 
phosphor sheet, and the stimulated emission receiving face of 
the solid image sensor is divided into a plurality of 
photoelectric conversion segments, and a plurality of image 
signal obtaining means are discretely connected to the 
respective photoelectric conversion segments to detect 
electric charges generated in the photoelectric conversion 
segments, each sensor is small in size and accordingly. 
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generation of the dark current can be suppressed and the 
capacitance can be reduced ^ whereby the S/N ratio can be 
improved and a high quality image can be obtained. 

When an image signal for one picture element is obtained 
by adding a plurality of image signals obtained from a plurality 
of image signal obtaining means connected to a plurality of 
photoelectric conversion segments which receive stimulated 
emission from the picture element, an adverse influence of 
dividing the photoconductive material layer can be avoided. 

Further when the image signals from the image signal 
obtaining means which are to be added are switched in response 
to scanning of the stimulating light, joints of the image can 
be smooth. 

In the image read-out method in accordance with the tenth 
aspect of the present invention and the image read-out system 
in accordance with the twelfth aspect of the present invention, 
since the solid image sensor has a photoconductive material 
layer having an area smaller than the area of the stimulable 
phosphor sheet, and the stimulated emission receiving face of 
the solid image sensor is divided into a plurality of 
photoelectric conversion segments, and there is provided a 
control means which makes active or inactive the photoelectric 
conversion segments independently of each other, only 
photoelectric conversion segments which are effective in 
reading out the image signal can be made active while the other 
photoelectric conversion segments kept inactive, whereby 



influence of the dark current in the sensor and/or false signals 
due to residual charges can be suppressed, influence of flare 
can be avoided and the S/N ratio can be greatly improved. This 
effect cannot be obtained by simply dividing the photoelectric 
5 converter means, for instance, by dividing the electrode. 

When the control is effected in response to the scanning 
position of the stimulating light, adverse influence of the 
control can be avoided. 

When an image signal for one picture element is obtained 
10 by adding a plurality of output signals from a plurality of 

photoelectric conversion segments which receive stimulated 
emission from the picture element, an adverse influence of the 
control and dividing the photoconductive material layer can be 
avoided. 

15 Further when the output signals from the photoelectric 

conversion segments which are to be added are switched in 
response to scanning of the stimulating light, joints of the 
image can be smooth without affected by switching of the 
controls . 

20 When a stimulable phosphor sheet having a layer of 

stimulable phosphor which is stimulated by stimulating light 
in a wavelength range of not shorter than 600nm and emits 
stimulated emission in a wavelength range of not longer than 
500nm in proportion to the stored energy of radiation upon 

25 exposure to the stimulating light, and a solid image sensor 

having a photoconductive material layer the major component of 



60 



which is a-Se are employed in combination with each other, since 
a-Se is high in sensitivity to a wavelength in a blue region 
not longer than 500nm and the quantum efficiency of a-Se to 
stimulated emission close to 400nm is as high as 60 to 70%, 
5 stimulated emission in a blue region emitted from the stimulable 

phosphor sheet can be detected at a high efficiency, whereby 
the S/N ratio of the image signal can be further improved and 
the quality of the image can be further improved • 

Further since a-Se hardly has sensitivity to light in a 

10 wavelength range not shorter than 600nm and almost wholly 
transmits such light, a-Se is large in the ratio of the 
sensitivity to the stimulated emission (near 400nm) to that to 
the stimulating light (600 to 700nm) . For example, in a state 
where no avalanche amplification effect is obtained, the ratio 

15 of the sensitivity to blue light (470nm) to that to red light 

( 680nm) is about 3 . 5 figures when the thickness of the a-Se layer 

is 10^. As the thickness of the a-Se layer is smaller, the 
blue/red sensitivity ratio increases and when an avalanche 
amplification effect is available, the blue/red sensitivity 

20 ratio further increases • Accordingly, use of a stimulating 
light cut filter is basically unnecessary, and by projecting 
stimulating light not shorter than 600nm in wavelength through 
a photoconductive material layer of a-Se, stimulated emission 
emitted from the surface of the stimulable phosphor layer can 

25 be effectively detected by the photoconductive material layer, 
whereby an image at high quality can be obtained- Further, 
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since a-Se is very high in dark resistance as compared with a 
Si avalanche photodiode and the like, a high S/N ratio can be 
obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure lA is a schematic perspective showing a radiation 

image detecting sheet in accordance with a first embodiment of 

the present invention. 

Figure IB is a X-Y cross-sectional view of a part of the 

radiation image detecting sheet indicated by arrow P in Figure 

lA, 

Figure IC a X-Z cross-sectional view of a part of the 
radiation image detecting sheet indicated by arrow Q in Figure 
lA, 

Figure 2 is a schematic view showing a radiation image 
recording and read-out system using the radiation image 
detecting sheet of the first embodiment with the radiation image 
detecting sheet shown in a perspective view. 

Figure 3 is a schematic view showing the radiation image 
recording and read-out system with the radiation image 
detecting sheet shown in a X-Z cross-sectional view of the part 
indicated by arrow Q in Figure 1, 

Figure 4 is a timing chart for illustrating a method of 
recording a radiation image and reading out the same by use of 
the radiation image detecting sheet of the first embodiment. 

Figure 5 is a schematic view showing a modification of 
the radiation image recording and read-out system shown in 
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Figures 3 and 4 which is suitable for the preliminary read- 
out. 

Figure 6 is a schematic X-Z cross-sectional view showing 
a radiation image detecting sheet in accordance with a second 
embodiment of the present invention. 

Figure 7 is a schematic X-Z cross-sectional view showing 
a radiation image detecting sheet in accordance with a third 
embodiment of the present invention. 

Figure 8A is a schematic perspective showing a radiation 
image detecting sheet in accordance with a fourth embodiment 
of the present invention. 

Figure 8B is a X-Y cross-sectional view of a part of the 
radiation image detecting sheet indicated by arrow P in Figure 
8A, 

Figure 8C is a X-Z cross-sectional view of a part of the 
radiation image detecting sheet indicated by arrow Q in Figure 
8A, 

Figure 9A is a schematic perspective showing a radiation 
image detecting sheet in accordance with a fifth embodiment of 
the present invention. 

Figure 9B is a X-Y cross-sectional view of a part of the 
radiation image detecting sheet indicated by arrow P in Figure 
9A, 

Figure 9C is a X-Z cross-sectional view of a part of the 
radiation image detecting sheet indicated by arrow Q in Figure 
9A, 
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Figure 10 is a schematic view showing a radiation image 
recording and read-out system using the radiation image 
detecting sheet of the fifth embodiment^ 

Figure llA is a schematic perspective view showing a 
radiation image read-out system in accordance with a sixth 
embodiment of the present invention. 

Figure 1 IB is a fragmentary cross-sectional view showing 
the solid image sensor employed in the radiation image read-out 
system in accordance with the sixth embodiment of the present 
invention. 

Figure 12A is a schematic perspective view showing a 
radiation image read-out system in accordance with a seventh 
embodiment of the present invention. 

Figure 12B is a fragmentary cross-sectional view taken 
along line I-I in Figure 12A, 

Figure 13A is a cross-sectional view showing the solid 
image sensor employed in the radiation image read-out system 
in accordance with the seventh embodiment of the present 
invention. 

Figure 13B is a view showing a modification of the solid 
image sensor. 

Figures 14A to 14C are views for illustrating various 
methods of using the solid image sensor. 

Figure 15 is a schematic side view showing a modification 
of the solid image sensor. 

Figure 16A is a cross-sectional view taken along the main 
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scanning line of a solid image sensor in accordance with an 
eighth embodiment of the present invention which is in the form 
of a line sensor^ 

Figure 16B is a horizontal cross-sectional view showing 
5 an electrode of the solid image sensor shown in Figure 16A, 

Figure 17A is a cross-sectional view taken along the main 
scanning line of a solid image sensor in accordance with ninth 
embodiment of the present invention which is in the form of a 
line sensor^ 

10 Figure 17B is a horizontal cross-sectional view showing 

an electrode of the solid image sensor shown in Figure llA, 
Figures 18A to 18D are views showing various examples of 
using the solid dLmage sensor in the form of a line sensor. 
Figures 19A to 19B are views showing examples of using 
15 the solid image sensor in the form of a line sensor having a 
pair of arrays of solid image sensor elements. 

Figure 2 OA is a schematic perspective view showing a 
radiation image read-out system in accordance with a tenth 
embodiment of the present invention, 
20 Figure 20B is a fragmentary cross-sectional view taken 

along line I-I in Figure 20A, 

Figure 21A is a cross-sectional view taken along the 
sub-scanning line of the solid image sensor employed in the 
radiation image read-out system of the tenth embodiment, 
25 Figure 21B is a cross-sectional view taken along the 

main-scanning line of the solid image sensor. 
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Figure 21C is a horizontal cross-sectional view of the 
solid image sensor showing the divided electrode thereof. 

Figures 22A to 22C are views for illustrating various ways 
of dividing the electrode , 
5 Figure 23 is a block diagram showing a circuit for reading 

out an image signal from the solid image sensor when the 
electrode is divided in the manner shown in Figure 22A, 

Figure 24A is a block diagram showing in detail a part 
of the circuit shown in Figure 23, 
10 Figure 24B is a view for illustrating the operation of 

the circuit shown in Figure 24A when the electrode is divided 
in the manner shown in Figure 22A/ 

Figure 25 is a view for illustrating the operation of the 
circuit shown in Figure 24A when the electrode is divided in 
15 the manner shown in Figure 22B, 

Figure 26A is a cross-sectional view taken along the 
sub-scanning line of the solid image sensor employed in the 
radiation image read-out system of the eleventh embodiment. 

Figure 26B is a cross-sectional view taken along the 
20 main-scanning line of the solid image sensor. 

Figure 2 6C is a horizontal cross-sectional view of the 
solid image sensor showing the divided electrode thereof, and 

Figure 27 is a block diagram showing a part of the circuit 
for obtaining an image signal in the radiation image read-out 
25 system of the eleventh embodiment. 



66 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
As shown in Figures lA to IC, a radiation image detecting 
sheet 1 in accordance with a first embodiment of the present 
invention comprises an image recording portion (a stimulable 
phosphor sheet) 10 and an image read-out portion (a solid image 
sensor) 20. The image recording portion 10 is formed by forming 
on a base 11 a stimulable phosphor layer 12 which emits 
stimulated emission in proportion to radiation energy stored 
thereon upon exposure to stimulating light. The image read-out 
portion 20 comprises a first electrode layer 21/ a 
photoconductive material layer 23 which exhibits electric 
conductivity upon exposure to stimulated emission from the 
stimulable phosphor layer 12/ and a second electrode layer 25 
superposed one on another in this order. The first electrode 
layer 21 is formed of a first stripe electrode 22 comprising 
a plurality of linear electrode elements 22a spaced from each 
other with gaps 21a interposed between the elements 22a/ and 
the second electrode layer 25 is formed of a second stripe 
electrode 26 comprising a plurality of linear electrode 
elements 26a spaced from each other with gaps 25a interposed 
between the elements 26a. The image recording portion 10 and 
the image read-out portion 20 are superposed with the stimulable 
phosphor layer 12 and the second electrode layer 25 facing each 
other. 

The image recording portion 10 may be of any form so long 
as the stimulable phosphor layer 12 is stimulated by red 
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stimulating light in a wavelength range of not shorter than 
600nin and emits stimulated emission in a wavelength range of 
not longer than 500nm (preferably from 400 to 450nm) and may 
comprise a known stimulable phosphor sheet. Further^ though 
not shown, a protective layer, a sensitizing layer and the like 
may be provided. 

The material for forming the photoconductive material 
layer 23 should be a material which exhibits conductivity upon 
exposure not only to stimulated emission L4 but also to the 
recording light L2 or momentary light emitted from the 
stimulable phosphor layer 12 upon exposure to the recording 
light L2 when preliminary read-out is to be effected 
simultaneously with recording an image, though may be any 
material so long as it exhibits electric conductivity upon 
exposure to stimulated emission emitted from the stimulable 
phosphor layer 12 when preliminary read-out need not be effected 
simultaneously with recording an image. In the case of this 
embodiment where the stimulable phosphor layer 12 emits blue 
stimulated emission in a wavelength range of not longer than 
500nm (e.g., near 400nm) , it is preferred that the material is 
a material whose major component is a-Se. The thickness of the 
photoconductive material layer 23 is preferably not smaller 
than lixm so that the photoconductive material layer 2 3 ^absorbs 
a sufficient amount of stimulated emission, an avalanche 
amplification effect can be obtained and the level of signal 
to be taken out can be high enough. Further, it is preferred 
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that the thickness of the photoconductive material layer 23 be 
as large as possible in order to reduce the distribution 
capacity and suppress fixed noise ^ but when the thickness is 
too large ^ the voltage of the power source for imparting the 
5 electric field becomes too high. Accordingly^ in order to 
increase the ratio of the avalanche amplification effect to the 
fixed noise while taking into account the voltage of the power 
source, the thickness of the photoconductive material layer 23 
is preferably not smaller than l|uun and not larger than lOOjuUr 
10 and more preferably not smaller than lO^m and not larger than 

50(im* 

Further when the photoconductive material layer 23 is of 
a-Se, the photoconductive material layer 23 is transparent to 
the red stimulating light and accordingly, the stimulating 

15 light 23 can be projected onto the stimulable phosphor layer 

12 through the photoconductive material layer 23. 

The electrode elements 22a of the first stripe electrode 
22 extend in substantially perpendicular to the electrode 
elements 26a of the second strip electrode 26. The same number 

20 of electrode elements 22a as the number of picture elements in 
the direction of the array of the electrode elements 22a are 
provided and the same number of electrode elements 26a as the 
number of picture elements in the direction of the array of the 
electrode elements 22a are provided. That is, the pitch of the 

25 electrode elements determines the pitch of the picture elements . 

When the electrode 22 of the first electrode layer 21 is thus 



divided by picture element pitch so that each electrode element 
22a is in one-to-one correspondence with one picture element^ 
the area of each electrode element 22a is greatly reduced, 
whereby the dark current and the output capacity are suppressed. 
5 Accordingly, dark current noise and/or capacity noise are 
reduced and the S/N ratio of the image can be improved. 

When the stimulating light is to be projected onto the 
stimulable phosphor layer 12 from the side of the image read-out 
portion 20, it is preferred that the first and second electrode 

10 layers 21 and 25 be transparent to the stimulating light. For 

this purpose, the electrode elements 22a and 2 6a are suitably 
formed of known transparent conductive film such as ITO (Indium 
Tin Oxide) film. When electrode elements 22a and 26a which are 
not transparent to the stimulating light are employed, at least 

15 the gaps 21a and 25a should be transparent to the stimulating 

light so that the stimulating light can impinge upon the 
stimulable phosphor layer 12 through the gaps 21a and 25a. 

Further the second electrode layer 25 should be 
transparent to also the stimulated emission emitted from the 

20 stimulable phosphor layer 12. For this purpose, the electrode 

elements 26a are suitably formed of known transparent 
conductive film such as ITO (Indium Tin Oxide) film. 

Figures 2 and 3 show a radiation image recording and 
read-out system 110 using the radiation image detecting sheet 

25 1 of this embodiment. In Figure 2, the radiation image 

detecting sheet 1 is shown in a perspective view, and in Figure 
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3 the radiation image detecting sheet 1 is shown in a X-Z 
cross-sectional view of the part indicated by arrow Q in Figure 
1. 

The radiation image recording and read-out system 110 
5 comprises the radiation image detecting sheet 1, a current 

detecting circuit 80, an A/D converter 86, a data correction 
section 87 and a ROM table 88. The data correction section 87 
and the ROM table 88 are provided to suppress fluctuation of 
an image signal due to fluctuation of an electric field applied 

10 to the photoconductive material layer 23. The radiation image 

recording and read-out system 110 is further provided with a 
radiation projecting means 90 which emits radiation Ll such as 
X-rays so that radiation L2 passing through an object 9 impinges 
upon the radiation image detecting sheet 1 (the radiation L2 

15 will be referred to as ''recording light 1^2" , hereinbelow) , and 

a stimulating light projecting means (stimulating light 
scanning means) 92 which projects stimulating light L3 onto the 
radiation image detecting sheet 1 . 

The radiation projecting means 90 and the stimulating 

20 light projecting means 92 are both disposed on the side of the 

first electrode layer 21 of the image read-out portion 20 of 
the radiation image detecting sheet 1 , and the stimulating light 
projecting means 92, especially its stimulating light source 
92a, is arranged to be retracted from the optical path of the 

25 recording light L2, when radiation is projected from the 

radiation projecting means 90, not to interfere with the 
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recording light L2. 

The stimulating light projecting means 92 causes the 
stimulating light L3, which is red light in a wavelength range 
not shorter than 600nm and is in the form of a substantially 
5 uniform linear beam extending substantially in perpendicular 
to the electrode elements 22a of the first stripe electrode 22, 
to scan the radiation image detecting sheet 1 in the 
longitudinal direction of the elements 22a (sub-scanning 
direction) from one edge to the other. As the stimulating light 

10 source 92a for emitting the stimulating light L3, an elongated, 

fluorescent lamp, LED, organic EL or the like can be used, and 
the stimulating light projecting means 92 causes the 
stimulating light L3 to scan the radiation image detecting sheet 
1 by moving the stimulating light source92a relatively to the 

15 radiation image detecting sheet 1. Further, the stimulating 

light source 92a may comprise a plurality of linear sources such 
as of liquid crystals or organic EL's which are arranged in a 
row to form an area light source, and the stimulating light 
projecting means 92 may be a means for energizing the linear 

20 sources in sequence. Such an area light source formed of a 

number of linear sources may be formed integrally with the 
radiation image detecting sheet 1 . 

Further, the stimulating light projecting means 92 may 
be arranged to cause a spot beam to scan the radiation image 

25 detecting sheet 1 in a direction substantially perpendicular 
to the elements 22a (main scanning direction) while moving the 



72 



light source in the sub-scanning direction relatively to the 
radiation image detecting sheet 1. The stimulating light L3 
may be either a continuous beam or a pulse beam. However, a 
high-power pulse beam is advantageous over a continuous beam 
5 in that a larger electric current can be detected and the S/N 

ratio of the image signal can be improved. Accordingly, in this 
particular embodiment, the stimulating light projecting means 

92 projects a high-power pulse beam of about 100^sec for each 
read-out line. 

10 The current detecting circuit 80 is provided with a 

plurality of current detecting amplifiers 81 each comprising 
an operational amplifier 81a, an integrating capacitor 81b and 
a switch 81c, and to the inversion input terminal (-) of the 
operational amplifier 81a is connected one of the elements 22a 

15 of the first stripe electrode 22. 

Further, the current detecting circuit 80 is provided 
with an electric voltage imparting means 85 which comprises a 
power source 82, a switch 83 and a switching portion 84 and 
imparts a predetermined electric voltage between the electrode 

20 layers 21 and 25 of the image read-out portion 20, thereby 

applying an electric field to the photoconductive material 
layer 23. The switching portion 84 has a plurality of switch 
elements 84a each comprising a fixed contact connected to one 
of the elements 2 6a of the second strip electrode 26 and a movable 

25 contact connected to the negative pole of the power source 82, 

whose positive pole is connected to non- inversion input 
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terminals (+) of the respective operational amplifiers 81a by 
way of the switch 83. 

The electric voltage imparting means 85 selectively 
closes the switch elements 84a in response to movement of the 
stimulating light L3 under the control of a control means (not 
shown) so that the electrode element 2 6a corresponding to the 
line just exposed to the stimulating light L3 is electrically 
connected to the negative pole of the power source 82. With 
this arrangement, an electric voltage is imparted between the 
electrode element 26a corresponding to the line and all the 
electrode elements 22 from the power source 82 by way of the 
switch 83 and an imaginary short circuit of the operational 
amplifier 81a , whereby an electric field is applied to the part 
of the photoconductive material layer 23 between the electrode 
elements 26a and 22a corresponding to the line. The system may 
be arranged so that an electric voltage is imparted between 
several electrode elements 26a including the electrode element 
26a corresponding to the line and all the electrode elements 
22a. 

The voltage of the power source 82 is set so that the 
potential gradient in the photoconductive material layer 23 
becomes not lower than lO^V/cm and an avalanche amplification 
effect is generated in the photoconductive material layer 23. 

Each current detecting amplifier 81 detects an electric 
current generated when electric charges generated upon exposure 
of the photoconductive material layer 23 to stimulated emission 



74 



L4 emitted from the stimulable phosphor layer 12 are read out 
from the image read-out portion 20 and reads out an image signal 
representing radiation energy stored on the stimulable phosphor 
layer 12. 

5 The A/D converter 86^ the data correction section 87 and 

the ROM table 88 (Figure 3) connected downstream of the current 
detecting circuit 80 are for correcting fluctuation in output 
data due to fluctuation in the voltage of the power source 82. 
When the photoconductive material layer 23 whose major 

10 component is a-Se is used under an electric field which 
generates an avalanche amplification effect in the 
photoconductive material layer 23, the photoconductive 
material layer 23 becomes sensitive to fluctuation of the 
electric voltage. Accordingly, it is preferred that 

15 fluctuation of the voltage of the power source 82 be suppressed. 

It is further preferred that fluctuation in the output data with 
fluctuation in the voltage of the power source 82 be stored and 
the output data be corrected according to fluctuation of the 
voltage of the power source 82 during read-out of the image 

20 signal by, for instance, software processing. For this purpose, 

fluctuation in the output data with fluctuation in the voltage 
of the power source 82 is stored in the ROM table 88 and the 
data correction section 87 watches fluctuation in the voltage 
of the power source 82 (more strictly the voltage across the 

25 electrodes 22 and 26) during image read-out and corrects the 

output data according to the fluctuation of the voltage of the 
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power source. 

The method of recording a radiation image of the object 
9 on the image recording portion 10 and reading out the radiation 
image by the image read-out portion 20 in the radiation image 
recording and read-out system 110 will be described with 
reference to the timing chart shown in Figure A, hereinbelow. 

When a radiation image is to be recorded on the image 
recording portion of the radiation image detecting sheet 1 , the 
switch 83 is turned off so that an electric field is not applied 
to the photoconductive material layer 23 of the image read- 
out portion 20. Instead of turning off the switch 83^ all the 
switch elements 84a of the switching portion 84 may be opened. 

Then radiation LI is flashed onto the entire area of the 
object 9 at one time so that recording light L2 bearing thereon 
a radiation image of the object 9, which is the radiation Ll 
passing through the object 9, is projected onto the first 
electrode layer 21 of the radiation image detecting sheet 1 for 
about one second. The recording light L2 passes through the 
image read-out section 20 of the radiation image detecting sheet 
1 and impinges upon the stimulable phosphor layer 12. The 
stimulable phosphor layer 12 stores radiation energy in 
proportion to the intensity of the recording light L2, whereby 
a radiation image of the object 9 is stored on the image recording 
portion 10 of the radiation image detecting sheet 1. 

Then the radiation Ll is stopped^ and the switch 83 and 
all the switch elements 84a of the switching portion 84 are once 



closed so that an electric voltage is imparted between the first 
and second stripe electrodes 22 and 26 by way of the switch 83 
and an imaginary short circuit of the operational amplifier 81a, 
and an electric field is applied to the photoconductive material 
5 layer 23. 

Then the stimulating light L3 is moved in the longitudinal 
direction of the electrode elements 22a from one end thereof 
to the other end from electrode element 26a to electrode element 
26a (sub-scanning) and is stopped at each electrode element 26a 

10 for lOOjjisec. During the sub-scanning, the switch elements 84a 

are closed in sequence in response to the sub-scanning of the 
stimulating light L3 so that an electric voltage is imparted 
between the electrode element 26a of the second stripe electrode 
22 corresponding to the read-out line (or several electrode 

15 elements 2 6a including the electrode element 26a corresponding 

to the read-out line) and all the electrode elements 22a of the 
first stripe electrode 22 with the switch elements 84a connected 
to the other electrode elements 26a kept open. With this 
arrangement, the distribution capacity established between the 

20 electrodes 22a and 26a are reduced and fixed noise is minimized. 

Further, since one current detecting amplifier 81 is connected 
to each electrode element 22a, and simultaneous read-out can 
be effected in the main scanning direction in which the 
electrode elements 22a are arranged, whereby the image read-out 

25 time can be shortened. 

Since being red light whose wavelength is not shorter than 
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600nm^ the stimulating light L3 is hardly absorbed by the 
photoconductive material layer 23 whose major component is a-Se 
and almost the whole stimulating light L3 impinges upon the 
stimulable phosphor layer 12. The part of the stimulable 
5 phosphor layer 12 exposed to the stimulating light L3 emits blue 
stimulated emission L4 and the stimulated emission L4 impinges 
upon the photoconductive material layer 23. In the 
photoconductive material layer 23 , positive and negative 
charges are produced upon exposure to the stimulated emission 
10 L4. 

Further since a high electric field not lower than lO^V/cm 
has been applied between the electrode elements 22a and 2 6a 
corresponding to the read-out line and an avalanche 
amplification effect is generated, whereby generation of 

15 positive and negative charges in the photoconductive material 

layer 23 sharply increases. The quantum efficiency of the 
stimulable phosphor layer 12 is low and the stimulated emission 
L4 from the stimulable phosphor layer 12 is weak. Accordingly, 
the amount of charges (the number of signal photons) generated 

20 by exposure to the stimulated emission is small. However, by 

virtue of the avalanche amplification effect, generation of the 
charges is multiplied and a sufficiently strong signal can be 
obtained, whereby the S/N ratio can be increased. 

Since an electric field has been applied to the 

25 photoconductive material layer 23, the negative charges 
transfer toward the electrode element 22a and the positive 
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charges transfer toward the electrode element 26a. 

The operation amplifiers 81a provided between the 
electrode elements 22a and 2 6a simultaneously detect currents 
generated by said transfer of the charges element 22a to element 
22a in response to the sub-scanning of the stimulating light 
L3 and switching of the switch elements 84a of the switching 
portion 84, whereby an image signal is obtained. That is, an 
image signal representing the radiation image is obtained. 
Since the thickness of the photoconductive material layer 23 
the major component of which is a-Se is set not smaller than 
Ifun and not larger than 100^, the quantum efficiency to the 
blue stimulated emission, e.g., at 400nm, can be higher, e.g., 
60 to 70%, than that in a photomultiplier or an avalanche 
photodiode using Si. Further since the read-out is effected 
with an electric field such as to generate an avalanche 
amplification effect applied to the photoconductive material 
layer 23 and correction for compensating for fluctuation of the 
voltage of the power source is effected, the S/N ratio of the 
image can be greatly improved. 

Further since fluctuation of the output data due to 
fluctuation of the voltage of the power source 82 is corrected 
by the data correction section and the ROM table 88, the output 
data can be stably obtained without being affected by 
fluctuation of the power source voltage, whereby the S/N ratio 
of the image signal can be further improved. 

Further since the major component of the photoconductive 



material layer 23 is a-Se, the ratio of the sensitivity to the 
stimulated emission (near 400nm) to that to the stimulating 
light (600 to 700nm) can be sufficiently large. For example, 
in a state where no avalanche amplification effect is obtained, 
the ratio of the sensitivity to blue light (470nm) to that to 
red light (680nm) is about 3.5 figures when the thickness of 
the a-Se layer is lO^m. This value is very large as compared 
with that (2 figures) when a photomultiplier is employed as the 
photoelectric converter means. As the thickness of the a-Se 
layer is smaller, the sensitivity to red light lowers and the 
blue/red sensitivity ratio increases and when an avalanche 
amplification effect is available, the blue/red sensitivity 
ratio further increases. Further, since Si is high in 
sensitivity to red light and low in sensitivity to blue light. 
Si is not suitable when the stimulated emission is blue. 

Further since the photoconductive material layer 23 whose 
major component is a-Se and the stimulable phosphor layer 12 
are integrated into a radiation image detecting sheet 1, the 
radiation image detecting sheet 1 can be in the form of a solid 
to be strong against impact. Further since the photoconductive 
material layer 23 whose major component is a-Se can be formed 
by low-temperature deposition process, a thin and large area 
radiation image detecting sheet 1 can be easily produced. 

Further, since a stimulable phosphor layer 12 which does 
not store a dark latent image upon exposure to radiation is 
employed in the radiation image detecting sheet 1 and since the 
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photoconductive material layer 23 of the image read-out portion 
20 does not form a charge collecting portion where charges 
generated in the photoconductive material layer 23 collect, 
there does not arise a problem that a dark latent image is 
recorded due to a dark current even if an electric field is 
applied to the photoconductive material layer 23 during 
recording. In other words, the photoconductive material layer 
23 can be very high in dark resistance (e.g., 10^^ Q, cm) as 
compared with a Si avalanche photodiode. Even if a dark current 
should be generated, the dark current is immediately discharged 
toward the current detecting amplifier 81 and the current 
detecting amplifier 81 discharges the current, whereby 
influence of a dark latent image can be avoided. 

Further the photoconductive material layer 23 exhibits 
conductivity upon exposure not only to stimulated emission Ij4 
but also to the recording light L2 or momentary light emitted 
from the stimulable phosphor layer 12 upon exposure to the 
recording light L2 . Accordingly, by projecting the recording 
light L2 onto the radiation image detecting sheet 1 and 
introducing the recording light L2 and/or the momentary light 
into the photoconductive material layer 23 while applying an 
electric field to the photoconductive material layer 23 and by 
detecting charges generated in the photoconductive material 
layer 23, it is possible to obtain a preliminary read-out image 
signal bearing thereon a radiation image while recording the 
radiation image on the stimulable phosphor layer 12. The 
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radiation image recording and read-out system 110 can be used 
as it is as a system for obtaining such a preliminary read- 
out image signal, for instance, by using the current detecting 
circuit 80 as a means for reading out the preliminary read- 
out image signal . The preliminary read-out image signal is used, 
for instance, for setting image processing conditions in a final 
read-out • Further, the preliminary read-out image signal can 
be used in place of a photo-timer to set the radiation projecting 
timing or to watch the amount of radiation. 

When the radiation image recording and read-out system 
110 is used as it is for preliminary read-out, one-dimensionally 
compressed information integrated in the longitudinal 
direction of the electrode element 22a is obtained from each 
current detecting amplifier 81 as preliminary read-out 
information, which cannot be constantly sufficient. In such 
a case, as shown in Figure 5, by correcting the current detecting 
circuit 80 so that each electrode element 22a is directly 
connected to the inversion input terminal (-) and the non- 
inversion input terminal ( + ) is grounded with the capacitor 81b 
and the like left as they are, and by inserting between ground 
and each electrode element 2 6a a signal detecting amplifier 281 
comprising an operational amplifier 281a corresponding to the 
operational amplifier 81a, a discrete power source 282a 
corresponding to the power source 82, a switch element 284a 
corresponding to the switch element 84a and a resister 285 
connected between the inversion input terminal (-) and the 
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output terminal of the operational amplifier 281a, one- 
dimensionally compressed information integrated in the 
transverse direction of the electrode element 22a is obtained 
from each additional signal detecting amplifier 281 in addition 
to one-dimensionally compressed information integrated in the 
longitudinal direction of the electrode element 22a obtained 
from each current detecting amplifier 81. On the basis of two 
pieces of one-dimensionally compressed information, more 
detailed preliminary read-out information can be obtained. 

When the preliminary read-out image signal is unnecessary 
at the time the final read-out is to be performed, the 
preliminary read-out image signal may be discharged. Further, 
the preliminary read-out image signal may be added to a final 
read-out image signal obtained by the final read-out. 

Though, in the radiation image detecting sheet 1 of the 
first embodiment, the image recording portion 10 and the image 
read-out portion 20 are superposed with the stimulable phosphor 
layer 12 and the second electrode layer 25 facing each other 
and the recording light L2 and stimulating light L3 are 
projected from the side of the first electrode layer 21 of the 
image read-out portion 20, the recording light L2 and 
stimulating light L3 may be projected from the side of the base 
11 of the image recording portion 10. 

When the stimulating light L3 is projected from the side 
of the first electrode layer 21 of the image read-out portion 
20, stimulated emission L4 emitted from the front side of the 
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stimulable phosphor layer 12 can be detected and accordingly, 
an image of higher quality can be obtained as compared with when 
the stimulating light L3 is projected from the side of the base 
11 of the image recording portion 10. 
5 On the other hand, when the recording light L2 and 

stimulating light L3 are projected from the side of the base 
11 of the image recording portion 10, they can impinge upon the 
stimulable phosphor layer 12 without passing through the stripe 
electrodes 22 and 26 of the image read-out portion 20 and 

10 accordingly there does not arise a problem of artifact due to 

the electrode matrix. 

Further when the recording light L2 and stimulating light 
L3 are projected from the side of the base 11 of the image 
recording portion 10, a stimulating light cut filter can be 

15 inserted between the stimulable phosphor layer 12 and the second 

electrode layer 25 or between the second electrode layer 25 and 
the photoconductive material layer 23. Though it has been 
described that the red stimulating light L3 is hardly absorbed 
by the photoconductive material layer 23^ actually the 

20 photoconductive material layer 23 has slight sensitivity to the 

stimulating light L3 bearing thereon no image information, and 
accordingly an offset current corresponding to weak charges 
generated by a slight amount of stimulating light L3 absorbed 
by the photoconductive material layer 23 is generated in the 

25 photoconductive material layer 23. When a stimulating light 
cut filter is inserted as described above, generation of such 
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an offset current can be suppressed. 

The image recording portion 10 and the image read-out 
portion 20 may be superposed with the stimulable phosphor layer 
12 and the first electrode layer 21 facing each other. 

Figure 6 shows a radiation image detecting sheet 2 in 
accordance with a second embodiment of the present invention. 
In the second and following embodiments, the elements analogous 
to those shown in Figures lA to IC are given the same reference 
numerals and will not be described. 

The radiation image detecting sheet 2 of this embodiment 
differs from the radiation image detecting sheet 1 of the first 
embodiment in that another (second) image read-out portion 3 0 
is provided on the base 11 of the radiation image detecting sheet 
1 of the first embodiment. That is, the second image read- 
out portion 3 0 comprises a first electrode layer 31 (equivalent 
to the first electrode layer 21 of the first dLmage read-out 
portion 20), a photoconductive material layer 33 (equivalent 
to the photoconductive material layer 23 of the first image 
read-out portion 20), and a second electrode layer 3 5 
(equivalent to the second electrode layer 25 of the first image 
read-out portion 20) superposed one on another in this order, 
and is superposed on the base 11 with the second electrode layer 
35 facing the base 11. The base 11 is transparent to the 
stimulated emission L4 . The second image read-out portion 30 
may be superposed on the base 11 with the first electrode layer 
31 facing the base 11. 
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As in the first embodiment, the material for forming the 
photoconductive material layer 23 should be a material which 
exhibits conductivity upon exposure not only to stimulated 
emission L4 but also to the recording light L2 or momentary light 
emitted from the stimulable phosphor layer 12 upon exposure to 
the recording light L2 when preliminary read-out is to be 
effected simultaneously with recording an image. 

The radiation image detecting sheet 2 of this embodiment 
is employed in a radiation image recording and read-out system 
which is equivalent to the aforesaid system 110 plus a current 
detecting circuit, equivalent to the current detecting circuit 
80, for the second image read-out portion 30. That is, in the 
radiation image recording and read-out system for the radiation 
image detecting sheet 2 of this embodiment, the stimulated 
emission L4 is detected by both the image read-out portions 10 
and 30, whereby a pair of image signals on the basis of stimulated 
emission L4 from one stimulable phosphor layer 12 are separately 
obtained. When the two image signals thus obtained are 
digitized and the two digital image signals thus obtained are 
added together to obtain an addition image signal, the S/N ratio 
can be improved. Also in this case, the photoconductive 
material layer 23 is applied with an electric field such as to 
generate an avalanche amplification effect in the 
photoconductive material lay 23. By virtue of the avalanche 
amplification effect, the amount of charges to be generated is 
increased, whereby a sufficiently large image signal can be 
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obtained and the S/N ratio can be improved. The S/N ratio can 
be further improved by effecting the correction for 
compensating for fluctuation of the voltage of the power source 
as described above in conjunction with the first embodiment* 
Further, by obtaining a pair of preliminary read-out 
image signals by the pair of current detecting circuits 80 and 
adding together the preliminary read-out image signals, a 
preliminary read-out image signal excellent in S/N ratio can 
be obtained. 

Further also in the radiation image detecting sheet 2 of 
this embodiment, a stimulating light cut filter may be provided. 
For example, when the stimulating light L3 is to be projected 
from the second image read-out portion side, the first image 
read-out portion 20 can be provided with an offset current 
suppressing effect by inserting a stimulating light cut filter 
between the stimulable phosphor layer 12 and the second 
electrode layer 25 or between the second electrode layer 25 and 
the photoconductive material layer 23. When the stimulating 
light L3 is to be projected from the first image read-out portion 
side, the second image read-out portion 30 can be provided with 
an offset current suppressing effect by inserting a stimulating 
light cut filter between the stimulable phosphor layer 12 and 
the base 11 or between the base 11 and the second electrode layer 
35 of the second image read-out portion 30, or by coloring the 
base 11 in a color which absorbs the stimulating light L3 . 

Figure 7 shows a radiation image detecting sheet 3 in 
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accordance with a third embodiment of the present invention. 

The radiation image detecting sheet 3 of this embodiment 
differs from the radiation image detecting sheet 1 of the first 
embodiment in that another (second) image recording portion 40 
is provided on the first electrode layer 21 of the radiation 
image detecting sheet 1 of the first embodiment. That is^ the 
second image recording portion 40 comprises a base 41 
(equivalent to the base 11 of the first image recording portion 
10), and a stimulable phosphor layer 42 (equivalent to the 
stimulable phosphor layer 12 of the first image recording 
portion 10), and is superposed on the first electrode layer 21 
with the stimulable phosphor layer 42 facing the first electrode 
layer 11. The first electrode layer 21 is transparent to the 
stimulated emission L4 emitted from the stimulable phosphor 
layer 42. The second image recording portion 40 may be 
superposed on the first electrode layer 21 with the base 41 
facing the first electrode layer 21. 

The radiation image detecting sheet 3 of this embodiment 
can be employed in the aforesaid system 110 as it is. Further, 
a stimulating light cut filter may be inserted between the 
stimulable phosphor layer 12 and the second electrode layer 25 
or between the second electrode layer 25 and the photoconductive 
material layer 23 and another stimulating light cut filter may 
be inserted between the stimulable phosphor layer 42 and the 
first electrode layer 21 or between the first electrode layer 
21 and the photoconductive material layer 23 so that stimulating 
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light for the stimulable phosphor layer 12 and that for the 
stimulable phosphor layer 42 are separately projected to the 
corresponding stimulable phosphor layers from outside the image 
recording portions 10 and 40. 

Since an image signal is obtained on the basis of the 
stimulated emission from both the stimulable phosphor layers 
12 and 42, the image signal can be high in the S/N ratio. Further 
a preliminary read-out image signal which is high in the S/N 
ratio can be obtained. 

Figures 8A to 8C show a radiation image detecting sheet 
4 in accordance with a fourth embodiment of the present 
invention. 

The radiation image detecting sheet 4 of this embodiment 
differs from the radiation image detecting sheet 1 of the first 
embodiment in that the stripe electrode 26 of the second 
electrode layer 25 in the radiation image detecting sheet 1 of 
the first embodiment is changed to a flat electrode 26c. Also 
the radiation image detecting sheet 4 can be modified by adding 
one or more image recording portion or image read-out portion 
in the manner described above in conjunction with the second 
and third embodiments . 

The radiation image recording and read-out system using 
the radiation image detecting sheet 4 of this embodiment may 
be substantially the same as the radiation image recording and 
read-out system 110 shown in Figures 2 and 3 except that the 
switching portion 84 of the current detecting circuit 80 is 
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removed and the flat electrode 26c is directly connected to the 
negative pole of the power source 82. 

When the radiation image detecting sheet 4 of this 
embodiment is employed, the image signal can be obtained without 
5 affected by switching noise which can be generated in the 

radiation image detecting sheet 1 of the first embodiment when 
the switch elements 84a are switched. Further since the 
electrode 22 of the first electrode layer 21, which is the main 
electrode layer for detecting the charges, divided by picture 

10 element pitch so that each electrode element 22a is in one- 

to-one correspondence with one picture element, the area of each 
electrode element 22a is greatly reduced, whereby the dark 
current and the output capacity are suppressed. Accordingly, 
dark current noise and/or capacity noise are reduced and the 

15 S/N ratio of the image can be improved. 

Figures 9A to 9C show a radiation image detecting sheet 
5 in accordance with a fifth embodiment of the present 
invention. 

The radiation image detecting sheet 5 of this embodiment 
20 differs from the radiation image detecting sheet 1 of the first 

embodiment in that the stripe electrode 22 of the first 
electrode layer 21 and the stripe electrode 26 of the second 
electrode layer 25 in the radiation image detecting sheet 1 of 
the first embodiment are changed to flat electrodes 22c and 26c. 
25 Also the radiation image detecting sheet 5 can be modified by 
adding one or more image recording portion or image read-out 
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portion in the manner described above in conjunction with the 
second and third embodiments. 

Figure 10 shows a radiation image recording and read- 
out system 120 using the radiation image detecting sheet 5 of 
5 this embodiment. 

The radiation image recording and read-out system 120 
mainly differs from that 110 shown in Figures 2 and 3 in that 
the former 120 is provided with a current detecting circuit 80a 
including only one current detecting amplifier 81 whereas the 

10 current detecting circuit 80 of the latter includes a plurality 

of current detecting amplifiers 81 one for each electrode 
element 22a. Further as in the fourth embodiment^ the switching 
portion 84 of the current detecting circuit 80 is removed and 
the flat electrode 26c is directly connected to the negative 

15 pole of the power source 82. 

Further in the radiation image recording and read-out 
system 120, a stimulating light projecting means 93 having a 
stimulating light source 93a which emits a red spot beam (not 
shorter than 600nm) L3 ' is employed in place of the stimulating 

20 light projecting means 92 having a stimulating light source 92a 

which emits a linear beam. The stimulating light projecting 
means 93 causes the spot beam L3 ' to two-dimensionally scan the 
flat electrode 22a over the entire area thereof. The 
stimulating light projecting means 93 may comprise, for 

25 instance, a known laser beam scanning optical system. Further, 

the stimulating light source 93a may comprise a plurality of 
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small point sources such as of liquid crystals or organic EL's 
which are two-dimensionally arranged to form an area light 
source, and the stimulating light projecting means 93 may be 
a means for energizing the point sources in sequence. Such an 
area light source formed of a number of point sources may be 
formed integrally with the radiation image detecting sheet 5 . 
The stimulating light L3 ' may be either a continuous beam or 
a pulse beam. 

The method of reading out a radiation image stored on the 
image recording portion 10 of the radiation image detecting 
sheet 5 will be described hereinbelow on only the difference 
from that when the radiation image detecting sheet 1 is employed. 
A radiation image is recorded on the radiation image detecting 
sheet 5 in the same manner as the radiation image detecting sheet 
1. 

When reading out a radiation image from the radiation 
image detecting sheet 5, the switch 83 is first turned so that 
an electric voltage is imparted between the flat electrodes 22c 
and 26c by way of an imaginary short circuiting of the 
operational amplifier 81 , thereby applying an electric field 
to the photoconductive material layer 23. 

Then, with the electric field kept applied to the 
photoconductive material layer 23, the stimulating light L3 ' 
in the form of a spot beam is caused to scan the flat electrode 
22c over the entire area thereof. 

Upon exposure to the stimulating light L3 ' , parts of the 
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stimulable phosphor layer 12 emit stimulated emission L4 in 
proportion to the stored radiation energy and the stimulated 
emission L4 impinges upon the photoconductive material layer 
23 to produce positive and negative charges in the 
5 photoconductive material layer 23 • 

Then by detecting an electric current flows through the 
imaginary short circuiting of the operational amplifier 81a by 
the current detecting amplifier 81^ an image signal 
representing the radiation image is obtained. 

10 When the electric field applied to the photoconductive 

material layer 23 is not lower than lO^V/cm, an avalanche 
amplification effect is obtained and a sufficiently large image 
signal can be obtained. 

Though radiation image detecting sheets in accordance 

15 with several embodiments of the present invention and the 

radiation image recording and read-out system in which the 
radiation image detecting sheets can be suitably used are 
described above ^ the radiation image detecting sheets and the 
radiation image recording and read-out system can be variously 

20 modified/ for instance, as follows. 



stimulable phosphor layer 

stimulated emission: not longer than SOOnm 


number of layers 


1, 2, .™ 


formed on 


1st electrode layer, 2nd electrode layer 



photoconductive material layer (a~Se) 


number of layers 


1, 2, ...... 


formed on 


surface of the stimulable phosphor layer, base 
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first electrode layer 

stripe electrode y flat electrode 



second electrode layer 

stripe electrode, flat electrode 



direction of incidence of radiation 

from the image recording side» from the image read-out side 



stimulating light (not shorter than 600nm) 




line beam, spot beam 


direction of incidence 


from the image recording side, from the image 

read-out side 




continuous beam, pulse beam 



stimulating light cut filter 

provided, not provided 

The variations of the respective elements shown above may be 
combined in any manner. Further, the radiation and the 
stimulating light of the radiation image recording and read-out 

10 system may be variously modified according to the radiation 

image detecting sheet to be used. For example, when a radiation 
image detecting sheet in which a pair of image recording 
portions are provided with an energy absorbing member 
interposed therebetween and a pair of image read-out portions 

15 are provided to separately receive the stimulated emission from 

the image recording portions is used, energy subtraction 
processing can be carried out. 

The elements may be variously modified other than the 
variations listed above. For example, the base of the image 
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recording portion may be removed and the stimulable phosphor 
layer may be formed on the image read-out portion* In any 
modification, a high electric field (e.g./ not lower than 
lO^V/cm) is applied to the photoconductive material layer so 
5 that an avalanche amplification effect is generated and the S/N 
ratio is improved. Further, in any modification, the material 
for forming the photoconductive material layer 23 should be a 
material which exhibits conductivity upon exposure not only to 
stimulated emission L4 but also to the recording light L2 or 
10 momentary light emitted from the stimulable phosphor layer 12 
upon exposure to the recording light L2 when preliminary 
read-out is to be effected simultaneously with recording an 
image. 

Further, though, in the description above, the image 
15 recording portion and the image read-out portion or the 

stimulable phosphor layer and the solid image sensor are 
integrated into a unit, they may be separate from each other. 
For example, a stimulable phosphor sheet and a solid image 
sensor having the substantially same area may be opposed to each 
2 0 other at a space from each other. As the stimulating light 

source, a line source or a point source may be employed according 
to the form of the electrode. Of course, image read-out is 
effected with an electric field such as to generate an avalanche 
amplification effect applied to the photoconductive material 
25 layer. 

The image recording portion or the solid image sensor can 
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be employed as the photoelectric converter means in known 
systems for reading out a radiation image from a stimulable 
phosphor sheet where a photomultiplier is generally employed 
as the photoelectric converter means. 
5 Figures llA and IIB show a radiation image read-out system 

210 employing a solid image sensor in accordance with the 
present invention as a photoelectric converter means. The 
radiation image read-out system 210 is substantially the same 
as that disclosed in our Japanese Unexamined Patent Publication 

10 Nos. 55(1980)-12492 and 56 ( 1981 ) -11395 except that a solid 

image sensor 223 of the present invention is employed in place 
of a photomultiplier as the photoelectric converter means. The 
stimulable phosphor layer of the stimulable phosphor sheet and 
the stimulating light may be the same as those in the first 

1 5 embod iment . 

As shown in Figure llB^ the solid image sensor 223 
comprises a pair of flat electrodes 2 23a and 223b and a 
phetocenductive material layer 223c sandwiched between the 
electrodes 223a and 223b and functions as a zero-dimensional 

20 sensor. A light guide 222 is disposed to collect stimulated 

emission L4 emitted from a stimulable phosphor sheet 211 and 
the stimulated emission L4 enters the light guide 222 through 
its light inlet end face 22 2a and is guided to its light outlet 
end faces 222b in total reflection. The solid image sensor 223 

25 is mounted on the light outlet end face 222b of the light guide 

222, and a stimulating light cut filter 225 is disposed between 
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the light outlet end face 222b and the electrode 223a on the 
side of the light outlet end face 222b. Since the 
photoconductive material layer 223c is low in sensitivity to 
the red stimulating light not shorter than 600nm as described 
5 above, the stimulating light cut filter 225 may be thinner as 

compared with when a photomultiplier is employed. The flat 
electrode 223a on the side of the light outlet end face 222b 
is made of a transparent conductive film such as an ITO film 
so that the stimulated emission L4 can impinge upon the 

10 photoconductive material layer 223c. The other flat electrode 
223b need not be transparent and may be of, for instance, 
aluminum. The major component of the photoconductive material 
layer 223c is a-Se and the stimulated emission Ii4 is blue light 
not longer than SOOnm. The size (detecting area) of the 

15 photoconductive material layer (a-Se photoconductive film) 

223c should be sufficiently smaller than the size of the 
stimulable phosphor sheet 211. For example, when the size of 
the stimulable phosphor sheet 211 is 430mmx430mm, the size of 
the photoconductive material layer 223c should be not larger 

20 than 50mmx50mm. When the area of the photoconductive material 

layer 223c is small, generation of an excessive dark current 
can be avoided and load capacity is reduced, whereby the S/N 
ratio can be improved as compared with when the radiation image 
detecting sheet 1, where the stimulable phosphor layer 12 and 

25 the photoconductive material layer 23 are of substantially the 

same area, is employed. The thickness of the photoconductive 
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material layer 223c is preferably not: smaller than l^un and not 
larger than 100|Lim, and more preferably not smaller than 10(.im 
and not larger than 50)jim so that the photoconductive material 
layer 223c absorbs a sufficient amount of stimulated emission 
L4 , an avalanche amplification effect can be obtained and the 
fixed noise is suppressed. The voltage of the power source 82 
is set so that the potential gradient in the photoconductive 
material layer 223c becomes not lower than lO^V/cm and an 
avalanche amplification effect is generated in the 
photoconductive material layer 223c. 

The stimulable phosphor sheet 211 is placed on a sheet 
conveyor means 215 such as an endless belt and is conveyed in 
the direction of arrow Y (sub-scanning). A laser beam L3 
(stimulating light) emitted from a laser 216 is deflected by 
a rotary polygonal mirror 218 driven at a high speed by an 
electric motor 224 and travels through a condenser lens 219 such 

as an ±Q lens. Then the laser beam L3 is reflected by a mirror 
22 0 to scan the stimulable phosphor sheet 211 in the direction 
of arrow X (main scanning) which is substantially perpendicular 
to the sub-scanning direction. Parts of the stimulable 
phosphor sheet 211 exposed to the laser beam L3 emits stimulated 
emission L4 in proportion to stored radiation energy. The 
stimulated emission L4 enters the light guide 222 through the 
light inlet end face 222a and travels through the light guide 
222 repeating- total reflection to impinge upon the solid image 
sensor 223. Then charges according to the amount of the 
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stimulated emission L4 are generated in the photoconductive 
material layer 223c of the solid image sensor 223 in the same 
manner as described above ^ and the charges are detected by the 
current detecting circuit 80a as an image signal. 
5 Since the solid image sensor 223 can be smaller in both 

weight and size as compared with the photomultiplier , the 
overall radiation image read system 210 can be smaller in weight 
and size* 

In the embodiment shown in Figures 12A and 12B, a long 

10 solid image sensor 223 is employed. In Figures 12A and 12B/ 

a stimulable phosphor sheet 211 is placed on a pair of endless 
belts 215a and 215b which are driven by an electric motor (not 
shown). A laser 216 which emits a laser beam L3 as the 
stimulating light, a rotary polygonal mirror 218 which is 

15 rotated by an electric motor (not shown) to deflect the laser 

beam L3 and a scanning lens (f6 lens) 219 which converges the 
laser beam L3 deflected by the polygonal mirror 218 onto the 
surface of the stimulable phosphor sheet 211 and causes the 
leaser beam L3 to scan the stimulable phosphor sheet 211 at a 

2 0 constant speed in the main scanning direction shown by arrow 

X are disposed above the stimulable phosphor sheet 211. The 
laser beam L3 scans the stimulable phosphor sheet 211 in the 
main scanning direction while the stimulable phosphor sheet 211 
is conveyed in the sub-scanning direction shown by arrow Y by 

25 the endless belts 215a and 215b, thereby two-dimensionally 

scanning the entire surface of the stimulable phosphor sheet 
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211. 

A long solid image sensor 223 is disposed above the 
stimulable phosphor sheet 211 along the portion scanned by the 
laser beam L3 and receives stimulated emission L4 . Then an 
5 image signal representing the radiation jLmage stored on the 

stimulable phosphor sheet 211 is detected by the current 
V detecting circuit 80a. 

As shown in Figures 13A and 13B, the solid image sensor 
223 comprises a glass substrate 226, a pair of long flat 

10 electrodes 223a and 223b and a long photoconductive material 

layer 223c sandwiched between the flat electrodes 223a and 223b. 
The photoconductive material layer 223c exhibits conductivity 
upon exposure to the stimulated emission L4 which impinges upon 
the photoconductive material layer 223c through the glass 

15 substrate 226. The solid image sensor 223 functions as a 

zero-dimensional sensor though large in length. The length of 
the photoconductive material layer 223c is substantially the 
same as the dimension of the stimulable phosphor sheet 211 in 
the main scanning direction. The width of the photoconductive 

2 0 material layer (a-Se photoconductive film) 223c should be 

sufficiently smaller than the size of the stimulable phosphor 
sheet 211. For example, when the size of the stimulable 
phosphor sheet 211 is 430mmx430mm, the width of the 
photoconductive material layer 223c should be not larger than 

25 50mm. When the area of the photoconductive material layer 223c 

is small, generation of an excessive dark current can be avoided 
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and load capacity is reduced^ whereby the S/N ratio can be 
improved as compared with when the radiation image detecting 
sheet 1, where the stimulable phosphor layer 12 and the 
photoconductive material layer 23 are of substantially the same 
area, is employed. A stimulating light cut filter 225 is 
disposed on the light inlet side of the glass substrate 226 (the 
side of the glass substrate 226 remote from the flat electrode 
223a) and the side surface of the glass substrate 226 and the 
stimulating light cut filter 225 is covered with a light- 
shielding member 227. Since the photoconductive material 
layer 223c is low in sensitivity to the red stimulating light 
not shorter than 600nm as described above, the stimulating light 
cut filter 225 may be thinner as compared with when a 
photomultiplier is employed. The flat electrode 223a through 
which the stimulated emission L4 enters the photoconductive 
material layer 223c is made of a transparent conductive film 
such as an ITO film so that the stimulated emission L4 can impinge 
upon the photoconductive material layer 223c. As in the 
embodiment shown in Figures llA and llB, the photoconductive 
material layer 223c includes a-Se as the major component and 
the thickness of the photoconductive material layer 223c is 
preferably not smaller than l^im and not larger than lOOjuun, and 
more preferably not smaller than lOpm and not larger than SOfim. 
The potential gradient in the photoconductive material layer 
223c is set not lower than lOV/cm so that an avalanche 
amplification effect is generated in the photoconductive 
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material layer 223c. The solid image sensor 223 may be formed 
to have a cylindrical light inlet end face as shown in Figure 
13B- 

The long solid image sensor 223 can be smaller both in 
5 weight and size as compared with a long photomultiplier which 

has been conventionally employed, and accordingly the overall 
radiation image read system can be smaller in weight and size 
when the long solid image sensor 223 is employed in place of 
the long photomultiplier. Further / the long solid image sensor 

10 223 such as 17inches long can be easily produced at a lower cost 

than a long photomultiplier or a long Si avalanche photodiode. 

The solid image sensor 223 shown in Figure 13A or 13B can 
be variously employed as the photoelectric converter means in 
a radiation image read-out system using a stimulable phosphor 

15 sheet as shown in Figures 14A to 14C. 

In the example shown in Figure 14 A, an elongated 
cylindrical mirror 235 is provided to reflect stimulated 
emission L5, which travels away from the solid image sensor 223, 
toward the solid image sensor 223. The cylindrical 235 is held 

20 by a mirror mount 236 to extend in the direction of arrow X, 

i.e. , in the main scanning direction and is opposed to the light 
inlet end face 225a of the stimulating light cut filter 225 of 
the solid image sensor 223 so that the stimulated emission L5 
can be effectively introduced into the solid image sensor 223. 

25 In the example shown in Figure 14B, a pair of solid image 

sensors 223 are disposed on opposite sides of the portion of 
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the stimulable phosphor sheet 211 along which the stimulating 
light L3 scans the stimulable phosphor sheet 211. A pair of 
image signals are detected by a pair of current detecting 
circuits 80a respectively connected to the solid image sensors 
5 223, and the image signals are added by an adder 89 into an 

addition image signal, whereby the detecting efficiency is 
increased and the S/N ratio is improved. 

In the example shown in Figure 14C, an elongated 
cylindrical mirror 235 is provided to reflect stimulated 

10 emission L5, which travels away from the solid image sensor 223 , 

toward the solid image sensor 223 as in the example shown in 
Figure 14A and at the same time, another solid image sensor 223 
is provided to detect stimulated emission L6 emitted downward 
from the lower surface of the stimulable phosphor sheet 211. 

15 A pair of image signals are detected by a pair of current 

detecting circuits 80a respectively connected to the solid 
image sensors 223, and the image signals are added by an adder 
89 into an addition image signal, whereby the S/N ratio is 
improved . 

20 Figure 15 shows a modification of the solid image sensor. 

The solid image sensor 22 3 shown in Figure 15 comprises a pair 
of solid image sensor elements 223d provided on a single 
elongated glass substrate 22 6 spaced from each other in the 
transverse direction of the glass substrate 226. Each solid 

25 image sensor element 223d comprises a pair of elongated flat 

electrodes 223a and 223b and an elongated photoconductive 
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material layer 223c sandwiched between the electrodes 223a and 
223b, and is positioned on the glass substrate 226 with the flat 
electrode 223b in contact with the glass substrate 226. Each 
solid image sensor element 223d is basically the same as the 
5 solid image sensor 2 23 shown in Figure 13A and a stimulating 

light cut filter 225 is provided on the flat electrode 223a 
through which the stimulated emission L4 impinges upon the 
photoconductive material layer 223c* When a radiation image 
is to be read out by use of the solid image sensor 223 shown 

10 in Figure 15, the stimulating light L3 is caused to scan the 

stimulable phosphor sheet 211 through the glass substrate 226 
between the solid image sensor elements 223d and then the 
stimulated emission L4 emitted from the surface of the 
stimulable phosphor sheet 211 is detected by both the solid 

15 image sensor elements 223d. A pair of image signals are 

detected by a pair of current detecting circuits 80a 
respectively connected to the solid image sensor elements 223d 
as in the example shown in Figure 14B, and the image signals 
are added by an adder 89 into an addition image signal, whereby 

20 the S/N ratio is improved. This modification is advantageous 

over the example shown in Figure 14B in that the solid image 
sensor elements 223d can be disposed nearer to the stimulable 
phosphor sheet 211 than the pair of solid image sensors 235 shown 
in Figure 14B and accordingly the detecting efficiency and/or 

25 the S/N ratio can be further improved. 

The solid image sensor of the present invention may be 
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a line sensor. A solid image sensor in the form of a line sensor 
will be described with reference to Figures 16A and 16B, 
hereinbelow. 

The solid image sensor 223 shown in Figures 16A and 16B 
5 is substantially the same as the solid image sensor shown in 

Figure 12A except that the flat electrode 223a is divided into 
a plurality elements arranged in the longitudinal direction of 
the electrode 223a. The other flat electrode 223b is left 
continuous. Specifically the elements of the flat electrode 

10 223a are arranged in pitches equal to the picture element 

pitches and each of the elements is not larger than the picture 
element pitches in the longitudinal direction of the electrode 
223a. In this specif ication, this will be expressed as "the 
electrode is divided by picture element pitches". 

15 The solid image sensor 223 shown in Figures 17A and 17B 

is substantially the same as the solid image sensor shown in 
Figure 15 except that each of the flat electrodes 223a is divided 
into picture elements. The other flat electrode 223b is left 
continuous . 

20 In the solid image sensors shown in Figures 16A and 163 

and 17A and 17B^ each of the electrode elements should be 
sufficiently small in width as compared with the size of the 
stimulable phosphor sheet 211 (e.g., 430mmx430mm) and should 
be^ for instance, not larger than 50mm. Thus, each of the solid 

25 image sensors can be used as a one-dimensional sensor (line 

sensor) in which a plurality of small solid image sensor 
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elements are arranged in a row. Each of the small solid image 
sensor elements are connected to a current detecting amplifier 
similar to that shown in Figure 3. 

When image read-out is effected by use of the line sensor 
5 shown in Figures 16A and 16B or 17A and 17B/ the line sensor 

is positioned in the same manner as the solid image sensor 223 
shown in Figure 12A, and a line source such as a fluorescent 
lamp, a cold cathode fluorescent lamp, an organic EL array or 
a LED array which projects a line beam onto the stimulable 

10 phosphor sheet 211 while the stimulable phosphor sheet 211 is 

moved in the sub-scanning direction may be used as the 
stimulating light source or a point light source which two- 
dimensionally scan the stimulable phosphor sheet 211 while the 
stimulable phosphor sheet 211 is moved in the sub-scanning 

15 direction may be used as the stimulating light source. The 

electrode element 223a of each solid image sensor element is 
connected to a current detecting amplifier and image signals 
can be simultaneously read out in the main scanning direction 
in which the solid image sensor elements are arranged, whereby 

2 0 the read-out time is shortened. 

When a line light source 293 such as an organic EL array 
or a LED array is disposed on one side of the stimulable phosphor 
sheet 211 and the solid image sensor in the form of a line sensor 
is disposed on the other side of the stimulable phosphor sheet 

25 211 as shown in Figure 18A, the overall system can be very small 

in height. The solid image sensor in the form of a line sensor 



106 



such as 17 inches long can be easily produced at a lower cost 
than a line sensor formed of Si avalanche photodiodes or the 
like. 

Other examples of using the solid image sensor in the form 
5 of a line sensor are shown in Figures 18B to 18D. The examples 

shown in Figures 18B to 18D are basically the same as those shown 
in Figures 14A to 14C except that the solid image sensor is a 
line sensor. 

The solid image sensor in the form of a line sensor having 

10 a pair of arrays of solid image sensor elements shown in Figures 

17A and 17B may be employed in the manner shown in Figure 19A. 
Further, a solid image sensor in the form of a line sensor shown 
in Figures 16A and 16B may be added to the arrangement shown 
in Figure 19A as shown in Figure 19B. With the arrangement shown 

15 in Figure 19B/ three image signals can be obtained and by adding 

the three image signals to a single addition image signal, the 
S/N ratio can be further improved. The long solid image sensor 
in the form of a zero-dimensional sensor shown in Figure 15 may 
be employed in the arrangement shown in Figure 19B in place of 

20 the solid image sensor in the form of a line sensor having a 

pair of arrays of solid image sensor elements shown in Figures 
17A and 17B with the additional line sensor changed to the 
zero-dimensional sensor shown in Figure 13A. 

A radiation image read-out system in accordance with a 

25 tenth embodiment of the present invention will be described, 

hereinbelow . 
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In Figures 20A and 208, a stimulable phosphor sheet 211 
is placed on a pair of endless belts 215a and 215b which are 
driven by an electric motor (not shown) . A laser 216 which emits 
a laser beam L3 as the stimulating light, a rotary polygonal 
5 mirror 218 which is rotated by an electric motor (not shown) 

to deflect the laser beam L3 and a scanning lens (fO lens) 219 
which converges the laser beam L3 deflected by the polygonal 
mirror 218 onto the surface of the stimulable phosphor sheet 
211 and causes the leaser beamLS to scan the stimulable phosphor 

10 sheet 211 at a constant speed in the main scanning direction 

shown by arrow X are disposed above the stimulable phosphor 
sheet 211. The laser beam L3 scans the stimulable phosphor 
sheet 211 in the main scanning direction while the stimulable 
phosphor sheet 211 is conveyed in the sub-scanning direction 

15 shown by arrow Y by the endless belts 215a and 215b, thereby 

two-dimensionally scanning the entire surface of the stimulable 
phosphor sheet 211. 

A long solid image sensor 223 is disposed above the 
stimulable phosphor sheet 211 along the portion scanned by the 

20 laser beam L3 and receives stimulated emission L4. Upon 

exposure to the stimulated emission L4, electric charges are 
generated in the photoconductive material layer 223c of the 
solid image sensor 223 in proportion to the amount of the 
stimulated emission L4 . The electric charges are detected by 

25 a current detecting circuit 80. 

A stimulating light scanning means is formed by the laser 
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216, the rotary polygonal mirror 218, the scanning lens 219, 
the drive means (not shown) and the like. As the stimulating 
light source, for instance, an LED array comprising a plurality 
of LEDs each stimulating a picture element on the stimulable 
5 phosphor sheet 211 may be used in place of the laser 216. 

As shown in Figures 21A to 21C, the solid image sensor 
223 comprises a glass substrate 226, a piair of long flat 
electrodes 223a and 223b and a long photoconductive material 
layer 223c sandwiched between the flat electrodes 223a and 223b. 

10 The photoconductive material layer 223c exhibits conductivity 

upon exposure to the stimulated emission L4 which impinges upon 
the photoconductive material layer 223c through the glass 
substrate 226. The solid image sensor 223 functions as a 
zero-dimensional sensor though large in length. 

15 A stimulating light cut filter 225 is disposed on the light inlet 

side of the glass substrate 226 (the side of the glass substrate 
226 remote from the flat electrode 223a) and the side surface 
of the glass substrate 226 and the stimulating light cut filter 
225 is covered with a light-shielding member 227. When red 

20 stimulating light bearing thereon no image information impinges 

upon the photoconductive material layer 223c, since the 
photoconductive material layer 223c has slight sensitivity to 
the stimulating light L3, an offset current corresponding to 
weak charges generated by the stimulating light L3 is generated 

25 in the photoconductive material layer 223. When a stimulating 

light cut filter 225 is inserted as described above, only blue 
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stimulated emission comes to impinge upon the photoconductive 
material layer 223c with red light (not shorter than 600nm) 
absorbed by the stimulating light cut filter 225, and 
accordingly generation of such an offset current can be 
suppressed. Since the photoconductive material layer 223c is 
low in sensitivity to the red stimulating light not shorter than 
600nm as described above, the stimulating light cut filter 225 
may be thinner as compared with when a photomultiplier is 
employed . 

The flat electrode 223a through which the stimulated 
emission L4 enters the photoconductive material layer 223c is 
made of a transparent conductive film such as an ITO film so 
that the stimulated emission L4 can impinge upon the 
photoconductive material layer 223c. The other flat electrode 
223b need not be transparent and may be formed of, for instance, 
aluminum. 

The flat electrode 223a which functions as a stimulated 
emission receiving face is divided into a plurality of electrode 
elements in the longitudinal direction thereof (the main 
scanning direction) as shown in Figures 2 IB and 21C. With this 
arrangement, a plurality of photoelectric conversion segments 
which can function independently of each other are formed by 
the portions of the photoconductive material layer 223c 
interposed between the respective electrode elements of the 
flat electrode 223a and the flat electrode 223b. The electrode 
223a may be divided in various ways • For example, the electrode 



223a may be divided zigzag as shown in Figure 22B and may be 
divided in the sub-scanning direction as shown in Figure 22C. 
Figure 22A shows the same division of the electrode 223a as that 
shown in Figures 2 IB and 21C. 
5 The reason why the solid image sensor 223 is divided into 

a plurality of photoelectric conversion segments is to 
distribute the output capacity of the overall solid image sensor 
223 to the photoelectric conversion segments. By separately 
connecting current detecting amplifiers 81 to the photoelectric 

10 conversion segments, generation of the dark current is 

suppressed and the output capacity of each photoelectric 
conversion segment is reduced, whereby the S/N ratio is improved 
and an image of a higher quality can be obtained - 

For example, when a sensor having a photoconductive 

15 material of a-Se is exposed to a radiation of 80KeV, O.OlmR, 

several thousands to ten thousands of electrons are generated 
in the photoconductive material layer per picture element of 
lOO^imxlOOnm. When the detecting amplifier is of a charge 
amplifier system, generated noise is represented by a+bxC 

20 (unit : e", capacity noise is represented in terms of the number 

of electrons) wherein C (pF) represents the output capacity of 
the photoelectric conversion segment (segment, 1,2,...) and 
£L and h are constants depending on the detecting amplifier. In 
a certain amplifier, a=550 and b=6.5, and the capacity noise 

25 was 550+6. 5C. In this case, when the output capacity of the 
photoelectric conversion segment is lOOpF, the capacity noise 



111 



is 1200 (e"). In accordance with our investigation/ when the 
capacity noise is at such a level, quality of the image is 
acceptable. That is, from the viewpoint of S/N ratio, it is 
considered that the capacity noise should be not higher than 
1200 (e^), and accordingly, it is preferred that the output 
capacity of each photoelectric conversion segment be not larger 
than about lOOpF in the case of the charge amplifier system. 

In the case where the detecting amplifier 81 is of a 
current-voltage conversion system, it has found that quality 
of the image becomes acceptable when the output capacity is not 
larger than about lOOpF. That is, also in the case of the 
current-voltage conversion system, it is preferred that the 
output capacity of each photoelectric conversion segment not 
larger than about lOOpF. 

Accordingly, the electrode should be divided into a 
plurality of elements so that the output capacity becomes not 
larger than lOOpF irrespective of the system of the detecting 
amplifier 81. 

The detecting amplifier of a charge amplifier system 
utilizes the charging voltage and the discharging voltage of 
a capacitor generated by charge transfer and should be included 
in the current- volt age conversion system in view of the fact 
that an electric current generated by charge transfer is 
converted to an electric voltage. However, in this 
specification, the current-voltage conversion system is to be 
interpreted not to include the charge amplifier system. The 



detecting amplifiers of the current-voltage conversion system 
include a logarithmic amplifier. 

The material for forming the photoconductive material 
layer 223c should be a material which exhibits conductivity upon 
5 exposure not only to stimulated emission L4 but also to the 

recording light L2 or momentary light emitted from the 
stimulable phosphor layer 12 upon exposure to the recording 
light L2 when preliminary read-out is to be effected 
simultaneously with recording an image, though may be any 

10 material so long as it exhibits electric conductivity upon 

exposure to stimulated emission L4 emitted from the stimulable 
phosphor layer 12 when preliminary read-out need not be effected 
simultaneously with recording an image. In the case where the 
stimulable phosphor layer 212 emits blue stimulated emission 

15 in a wavelength range of not longer than SOOnm (e.g. , near 400nm) , 

it is preferred that the material is a material whose major 
component is a-Se. 

The thickness of the photoconductive material layer 223c 
is preferably not smaller than Ijnm so that the photoconductive 

20 material layer 223c absorbs a sufficient amount of stimulated 

emission L4 , an avalanche amplification effect can be obtained 
and the level of signal to be taken out can be high enough. 
Further, it is preferred that the thickness of the 
photoconductive material layer 223c be as large as possible in 

25 order to reduce the distribution capacity and suppress fixed 
noise, but when the thickness is too large, the voltage of the 
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power source for imparting the electric field becomes too high. 
Accordingly, in order to increase the ratio of the avalanche 
amplification effect to the fixed noise while taking into 
account the voltage of the power source, the thickness of the 
5 photoconductive material layer 223c is preferably not smaller 

than lym and not larger than 100|uiin, and more preferably not 
smaller than lOjim and not larger than SO^xm. 

The length of the photoconductive material layer 223c is 
set substantially the same as the dimension of the stimulable 

10 phosphor sheet 211 in the main scanning direction. The width 

of the photoconductive material layer (a-Se photoconductive 
film) 223c should be sufficiently smaller than the size of the 
stimulable phosphor sheet 211. For example, when the size of 
the stimulable phosphor sheet 211 is 430mmx430mm, the width of 

15 the photoconductive material layer 223c should be not larger 

than SOimn. When the area of the photoconductive material layer 
223c is small, generation of an excessive dark current can be 
avoided and load capacity is reduced, whereby the S/N ratio can 
be improved as compared with when the stimulable phosphor layer 

20 212 and the photoconductive material layer 223c are of 

substantially the same area. 

The long solid image sensor 223 can be smaller both in 
weight and size as compared with a long photomultiplier which 
has been conventionally employed, and accordingly the overall 

25 radiation image read system can be smaller in weight and size 

when the long solid image sensor 223 is employed in place of 
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the long photomultiplier . Further, the long solid image sensor 
223 such as 17 inches long can be easily produced at a lower cost 
than a long photomultiplier or a long Si avalanche photodiode. 
Figure 23 shows a circuit for reading out the electric 
5 charges from the solid image sensor 223 and obtaining an image 

signal. As shown in Figure 23 , the circuit comprises a current 
detecting circuit 80 connected to the solid image sensor 223 , 
an A/D converter 86, a data correction section 87 and a ROM table 
88. The circuit further comprises a read-out control circuit 

10 300 connected between the current detecting circuit 80 and the 

A/D converter 86. The read-out control circuit 300 is for 
obtaining an image signal for one picture element by adding a 
plurality of output signals from the detecting amplifiers 81 
which receive stimulated emission from the picture element 

15 while switching the output signals in response to scanning of 

the stimulating light L. 

The current detecting circuit 80 is provided with a 
detecting amplifier 81 of a charge amplifier system comprising 
an operational amplifier 81a, an integrating capacitor 81b and 

20 a switch 81c. The current detecting amplifier 81 detects an 

electric current generated when electric charges generated upon 
exposure of the photoconductive material layer 212 to 
stimulated emission L4 emitted from the stimulable phosphor 
layer 212 are read out and reads out an image signal representing 

25 radiation energy stored on the stimulable phosphor layer 212. 

As shown in Figure 23, the current detecting circuit 80 
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is provided with a plurality of current detecting amplifiers 
81, and to the inversion input terminals (-) of the operational 
amplifiers 81a are discretely connected the electrode elements 
of the stripe electrode 223. That is, the flat electrode 223a 
5 which functions as a stimulated emission receiving face is 
divided in the longitudinal direction (the main scanning 
direction) into a plurality of electrode elements to form 
photoelectric conversion segments which function 
independently of each other. The photoelectric conversion 
10 segments are discretely connected to the detecting amplifiers 

81. With this arrangement, input capacity of each detecting 
amplifier 81 is reduced and the stability of the circuit can 
be ensured. 

Further, the current detecting circuit 80 is provided 
15 with an electric voltage imparting means 85 which comprises a 

power source 82 and a switch 83 and imparts a predetermined 
electric voltage between the electrodes 223a and 223b of the 
solid image sensor 223, thereby applying an electric field to 
the photoconductive material layer 223. The positive pole of 
2 0 the power source 82 is connected to non-inversion input 

terminals (+) of the respective operational amplifiers 81a by 
way of the switch 83. The voltage of the power source 82 is 
set so that the potential gradient in the photoconductive 
material layer 223c becomes not lower than lO^V/cm and an 
25 avalanche amplification effect is generated in the 

photoconductive material layer 223c. 
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The A/D converter 86/ the data correction section 87 and 
the ROM table 88 connected downstream of the current detecting 
circuit 80 are for correcting fluctuation in output data due 
to fluctuation in the voltage of the power source 82. When the 
5 photoconductive material layer 223c whose major component is 
a-Se is used under an electric field which generates an 
avalanche amplification effect in the photoconductive material 
layer 223c, the photoconductive material layer 223c becomes 
sensitive to fluctuation of the electric voltage. Accordingly, 

10 it is preferred that fluctuation of the voltage of the power 

source 82 be suppressed. It is further preferred that 
fluctuation in the output data with fluctuation in the voltage 
of the power source 82 be stored and the output data be corrected 
according to fluctuation of the voltage of the power source 82 

15 during read-out of the image signal by, for instance, software 

processing. For this purpose, fluctuation in the output data 
with fluctuation in the voltage of the power source 82 is stored 
in the ROM table 88 and the data correction section 87 watches 
fluctuation in the voltage of the power source 82 (more strictly 

20 the voltage across the electrodes 223a and 223b) during image 

read-out and corrects the output data according to the 
fluctuation of the voltage of the power source. 

When the image signal is to be read out from the stimulable 
phosphor sheet 211, the switch 83 is closed so that an electric 

25 voltage is imparted between the electrodes 223a and 223b by way 
of the switch 83 and an imaginary short circuit of the 
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operational amplifier 81a, and an electric field is applied to 
the photoconductive material layer 223c. 

Then the stimulating light L3 in the form of a line beam 
is caused to scan the entire area of the stimulable phosphor 
5 sheet 211 with the electric field kept applied to the 

photoconductive material layer 223c. That is, while the 
stimulable phosphor sheet 211 storing thereon a radiation image 
is conveyed in the direction of arrow Y (sub-scanning) by the 
endless belts 215a and 215b, the stimulating light L3 emitted 

10 from the laser 216 is deflected by the rotary polygonal mirror 

218 to impinge upon the stimulable phosphor sheet 211 through 
the scanning lens 219 and scan the stimulable phosphor sheet 
211 in the main scanning direction shown by the arrow X 
substantially perpendicular to the sub-scanning direction. 

15 The parts of the stimulable phosphor sheet 211 exposed to the 

stimulating light L3 emit stimulated emission L4 , which is blue 
light near 400nm, and the stimulated emission L4 impinges upon 
the solid image sensor 223. 

In the photoconductive material layer 223c of the solid 

20 image sensor 223, positive and negative charges are generated 

upon exposure to the stimulated emission L4 in proportion to 
the amount of the stimulated emission L4 . Since an electric 
field is applied to the photoconductive material layer 223c, 
the negative charges transfer toward the electrode 223a and the 

25 positive charges transfer toward the electrode 223b. 

Further since a high electric field not lower than lO^V/cm 
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has been applied between the electrode elements 22a and 26a 
corresponding to the read-out line and an avalanche 
amplification effect is generated, whereby generation of 
positive and negative charges in the photoconductive material 
layer 223c sharply increases. The quantum efficiency of the 
stimulable phosphor layer 212 is low and the stimulated emission 
L4 from the stimulable phosphor layer 212 is weak. Accordingly, 
the amount of charges (the number of signal photons) generated 
by exposure to the stimulated emission is small. However, by 
virtue of the avalanche amplification effect, generation of the 
charges is multiplied and a sufficiently strong signal can be 
obtained, whereby the S/N ratio can be increased. 

The operation amplifiers 81a provided between the 
electrodes 223a and 223b detect currents generated by said 
transfer of the charges, whereby an image signal is obtained. 
That is, an image signal representing the radiation image is 
obtained. Since the thickness of the photoconductive material 
layer 2 23c the major component of which is a-Se is set not smaller 

than l^un and not larger than 100|Lun, the quantum efficiency to 
the blue stimulated emission, e.g., at 400nm, can be higher, 
e.g. , 60 to 70%, than that in a photomultiplier or an avalanche 
photodiode using Si. Further since the read-out is effected 
with an electric field such as to generate an avalanche 
amplification effect applied to the photoconductive material 
layer 223c and correction for compensating for fluctuation of 
the voltage of the power source is effected, the S/N ratio of 
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the image can be greatly improved. 

Further since fluctuation of the output data due to 
fluctuation of the voltage of the power source 82 is corrected 
by the data correction section and the ROM table 88, the output 
5 data can be stably obtained without being affected by 
fluctuation of the power source voltage, whereby the S/N ratio 
of the image signal can be further improved. 

Further since the major component of the photoconductive 
material layer 223c is a-Se, the ratio of the sensitivity to 
10 the stimulated emission (near 400nm) to that to the stimulating 

light (600 to 700nm) can be sufficiently large. For example, 
in a state where no avalanche amplification effect is obtained, 
the ratio of the sensitivity to blue light (470nm) to that to 
red light (680nm) is about 3.5 figures when the thickness of 

15 the a-Se layer is lO^im. This value is very large as compared 

with that (2 figures) when a photomultiplier is employed as the 
photoelectric converter means. As the thickness of the a-Se 
layer is smaller, the sensitivity to red light lowers and the 
blue/red sensitivity ratio increases and when an avalanche 

20 amplification effect is available, the blue/red sensitivity 

ratio further increases. 

The effect of dividing the flat electrode 223a which forms 
the stimulated emission receiving face will be described with 
reference to Figures 24A and 24B, hereinbelow. 

25 The case where the electrode 223a is divided in the manner 

shown in Figure 22A will be described first. As shown in Figure 
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24 A, the read-out control circuit 300 comprises a switching 
means 301 which switches in response to the main scanning 
position of the stimulating light L3 the signals from the 
detecting amplifiers 81 connected to the respective 
photoelectric conversion segments 1 to 4 , an adder means 302 
which adds the signals passing through the switching means 301^ 
and a buffer amplifier 303. The output signal of the buffer 
amplifier 303 is input into the A/D converter 86. The switching 
means 301 comprises a plurality of movable switches connected 
between the respective detecting amplifiers 81 and the adder 
means 302. 

A control signal CTL which is generated on the basis of 
a starting signal representing a start point of the main 
scanning is input into the switching means 301 from a circuit 
for controlling the scanning position of the stimulating light 
L3 (not shown). As shown in Figure 24B/ the switching means 
301 switches the signals from the detecting amplifiers 81 in 
response to the main scanning position of the stimulating light 
L3 . That is, as the stimulating light L3 scans the stimulable 
phosphor sheet 211 in the main scanning direction, the parts 
exposed to the stimulating light L3 (picture element positions) 
emit stimulated emission L4 in sequence. As shown in Figure 
23, the stimulated emission L4 travels obliquely upward as well 
as just upward. Accordingly, near the boundaries of the 
photoelectric conversion segments, the stimulated emission L4 
from one picture element position impinges upon a plurality of 



photoelectric conversion segments, and accordingly, if the 
signals are switched so that an image signal is obtained on the 
basis of the output signal from only one photoelectric 
conversion segment, the obtained image signal cannot be 
constantly sufficient. Accordingly, an image signal for a 
picture element the stimulated emission from which is received 
by a plurality of photoelectric conversion segments is obtained 
by adding the output signals from the detecting amplifiers 81 
connected to the photoelectric conversion segments which 
receive the stimulated emission from the picture element. For 
example, at the boundary between the segment 1 and the segment 
2, the switching means 301 closes the switches connected to the 
segment 1 and the segment 2 so that the output signals from the 
corresponding detecting amplifiers 81 are added by the adder 
means 302. (1^2) At the boundary between the segment 2 and 
the segment 3, the switching means 301 closes the switches 
connected to the segment 2 and the segment 3 so that the output 
signals from the corresponding detecting amplifiers 81 are 
added by the adder means 302. (2-.3) At the boundary between 
the segment 3 and the segment 4, the switching means 301 closes 
the switches connected to the segment 3 and the segment 4 so 
that the output signals from the corresponding detecting 
amplifiers 81 are added by the adder means 302. (3+4) At the 
parts other than the boundaries, the switching means 301 closes 
only one of the switches so that the output signal of only one 
of the amplifiers 81 is input into the adder means 302. 
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The case where the electrode 223a is divided in the manner 
shown in Figure 22B will be described next. In this case, since 
the electrode 223a is divided zigzag at angles to the main 
scanning direction, the stimulated emission L4 impinges upon 
5 a plurality of segments at the boundaries therebetween even if 

the stimulated emission L4 travels only just upward. 
Accordingly, as in the case shown in Figure 24B, an image signal 
for a picture element the stimulated emission from which is 
received by a plurality of photoelectric conversion segments 

10 is obtained by adding the output signals from the detecting 

amplifiers 81 connected to the photoelectric conversion 
segments which receive the stimulated emission from the picture 
element. For example, at the boundary between the segment 1 
and the segment 2, the switching means 301 closes the switches 

15 connected to the segment 1 and the segment 2 so that the output 

signals from the corresponding detecting amplifiers 81 are 
added by the adder means 302. (1+2) 

Though, in this case, the period for which the image 
signals are added becomes longer since the boundaries between 

20 the segments are zigzag, the joints of the image signals become 

more smooth and unevenness of an image can be avoided since the 
stimulated emission gradually shifts from one segment to 
another. Taking into account the part of the stimulated 
emission L4 which travels obliquely upward, the period for which 

25 the image signals are added may be further extended in the manner 
similar to that shown in Figure 24B. 
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When the electrode 223a is divided in the sub-scanning 
direction as shown in Figure 22C, the switching need not be 
effected. 

A radiation image read-out system in accordance with an 
eleventh embodiment of the present invention will be described 
with reference to Figures 2 6A to 26C and 21 , hereinbelow. 

Figures 26A to 26C show the solid image sensor employed 
in this embodiment. As shown in Figures 26A to 26C, the 
electrodes 223a and 223b are divided in the main scanning 
direction in the same manner into a plurality of elements so 
that each element of one of the electrode is opposed to one of 
the elements of the other electrode with the photoconductive 
material layer 223s intervening therebetween. With this 
arrangement, a plurality of photoelectric conversion segments 
which function independently of each other are formed. 

The purpose of dividing not only the electrode 223a but 
also the electrode 223b is for not only distributing the output 
capacity of the overall solid image sensor 223 to the segments 
in order to reduce the dark current and/or the output capacity 
but also facilitating controlling on and off (active and 
inactive) of the segments. 

Figure 27 shows a circuit for obtaining an image signal 
from the solid image sensor shown in Figures 26A to 26C with 
the electrodes 223a and 223b are divided in the manner shown 
in Figure 22A. 

In this embodiment, the read-out control means 300 
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comprises an adder means 302 which is connected to the elements 
of the electrode 223a of the segment 1 to segment 4 and adds 
the signals from the respective elements of the electrode 223a, 
a buffer amplifier 303, a switching means 304 which is connected 
to the elements of the electrode 223b of the segment 1 to segment 
4 and switches on and off of the segments in response to the 
scanning position of the stimulating light L3, and a plurality 
of discrete power sources 382a which discretely supply a 
predetermined voltage to the elements of the electrode 223b 
through the switching means 304. The output signal of the 
buffer amplifier 303 is input into the A/D converter 86. The 
switching means 3 04 is provided with a plurality of switches 
connected between the elements of the electrode 223b and the 
discrete power sources 382a. A control signal CTIj is input into 
the switching means 3 04 from a circuit for controlling the 
scanning position of the stimulating light L3 (not shown) . The 
operation of the switching means 304 is substantially the same 
as that shown in Figure 24B except that the segments are turned 
on and off independently of each other and the output signals 
of the segments are added. That is, in this embodiment, the 
switching means 304 controls on and off the segments by 
controlling on and off of the electric voltages applied to the 
respective segments from the discrete power sources 382a or on 
and off of the electric fields applied to the photoconductive 
material layer 223c between the elements of the electrodes 223a 
and 223b. With this arrangement, only photoelectric 
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conversion segments which are effective in reading out the image 
signal/ that is, only the segments which are actually exposed 
to the stimulated emission L4 , can be made active while the other 
photoelectric conversion segments kept inactive. Accordingly 
5 influence of the dark current in the solid image sensor 223 

and/or false signals due to residual charges can be suppressed^ 
influence of flare can be avoided and the S/N ratio can be greatly 
improved. This effect cannot be obtained by simply dividing 
the photoelectric converter means ^ for instance, in the tenth 

1 0 embod imen t . 

An image signal for a picture element the stimulated 
emission from which is received by a plurality of photoelectric 
conversion segments is obtained by adding the output signals 
from the segments which receive the stimulated emission from 

15 the picture element by the adder means 302 in the basically the 

same manner as described above in conjunction with Figure 24B. 

Further since the segments which simultaneously receive 
stimulated emission from one picture element shift with the 
scanning position of the stimulating light L3. Accordingly, 

20 the image signals from the segments to be added are switched 

in response to the scanning of the stimulating light L3. This 
switching is carried out by turning on and off the segments by 
the switching means 304. When the electrodes are divided in 
the manner shown in Figure 22B, the switching is carried out 

25 in the same manner as that described above in conjunction with 

Figure 25B. 
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Though y in the tenth and eleventh embodiments^ the 
electrode of a long zero-dimensional solid image sensor is 
divided in the main scanning direction or in the sub-scanning 
direction / the electrode of a zero-dimensional solid image 
sensor which is square and is smaller than the stimulable 
phosphor sheet in area may be divided in the main scanning 
direction or in the sub-scanning direction. Also in this case, 
it is preferred that the outputs of actually effective 
photoelectric conversion segments be added and the actually 
effective photoelectric conversion segments be switched in 
response to the scanning position of the stimulating light. 



